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ABSTRACT 

This monograph presents an update to the strategic 
plan of the National Institute on Deafness and Other Communication 
Disorders (NIDCD), focusing on recent accomplishments, program goals, 
strategies, and priorities in research opportunities in the areas of 
hear ing/hear ing impairment and voice/voice disorders* Specifically 
considered for the hearing area are research needs in transduction 
and homeostasis, sound processing in the brain, auditory perception, 
and aging and regeneration of sensory cells* For hearing impairment, 
research plans are outlined in the areas of hereditary hearing 
impairment; acquired sensorineural hearing loss; otitis media, 
otosclerosis, and other middle- ear disorders; and assessment, 
diagnosis, treatment, and rehabil itation* For voice and voice 
disorders, research is suggested on: (l) normal structure and 
function (including laryngeal physiology, lifespan changes, 
exceptional behavior, and anatomy and physiology of swallowing); and 
(2) diagnosis and treatment of voice disorders (vocal fold neoplasms, 
vocal fold lesions and glottal insuff iciencies, neurogenic disorders, 
gastroesophageal reflux, and technology)* An executive summary is 
provided* Appended is the text of Public Law 100-553 which 
established the Institute* (DB) 
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FOREWORD 



The National Deafness and Other Communication Disorders Act of 1988 became 
Public Law 100*553 (Appendix A) on October 28, 1988, establishing the National Institute 
on Deafness and Other Communication Disorders (NEDCD) within the National Insti- 
tutes of Health (NIH). The law required that the Director, NIDCD, establish a National 
Deafiiess and Other Communication Disorders Program and prepare a plan to initiate, 
expand, intensify and coordinate Institute activities concerning disorders of hearing, 
balance, smell, taste, voice, speech and language. 

In response to this mandate, a Task Force of scientific experts representing 
the seven program areas of the Institute prepared the first National Strategic Research 
Plan which has guided the Institute over the past three years. The National Strategic 
Research Plan is also intended to inform the Nation’s scientists of areas of opporttmity 
for research and to provide them with guidance as they formulate their own research 
plans. The Plan informs persons with communication disci*ders and their support 
organizations of past research accomplishments and potential future activities. 

In addition, the Plan is intended to inform members of Congress of research progress 
and future research opportimities in scientific areas within the ptirview of the NIDCD. 

Public Law 100-553 requires the National Deafness and Other Communication 
Disorders Advisory Board to review, evaluate and update the plan periodically to 
assure its continuing relevance. To meet this legislative mandate, the National Advisory 
Board decided that it would update two of the six sections of the plan every year thus 
updating the entire plan within a three-year period. The two sections the National 
Advisoiy^ Board selected to be updated in 1992 were Hearing and Hearing Impairment 
and Voice and Voice Disorders. The National Advisory Board established subcommittees 
for these two areas which met and made recommendations for panel members to 
update the Hearing and Hearing Impairment and Voice and Voice Disorders sections 
of the Plan, compared the research portfolio of the Institute to the National Strategic 
Research Plan, identified changes in the field since the Plan was developed, recom- 
mended levels and areas of research activity and suggested potential initiatives. 

The Expert Panel on Hearing and Hearing Impairment convened on 
January 21 and 22, 1992, and the Expert Panel on Voice and Voice Disorders on 
January 27 and 28, 1992. (Members of the expert panels are listed in Appendix B.) 

The results of their efforts are contained in this report. 




iii 



o 



FOREWORD 



Members of the expert panels are due special thanks for giving of their talents 
and time in seeing this document through to completion* Their meetings brought 
together representatives of a broad array of scientific disciplines within the areas of 
hearing and hearii^ impairment and voice and voice disorders* Members of the expert 
panels shared their diverse ideas and worked diligently to achieve consensus on a 
comprehensive view of each field and a vision for the future* Subsequently, expert 
panel members refined their efforts with numerous revised texts* 

Dr. Jeffrey P. Harris and Dr. Mary Joe Osberger, Cochairpersons of the 
Hearing and Hearing Impairment Expert Panel, and Dr. Thomas J. Hixon and 
Dr. Gayle E. Woodson, Cochairpersons of the Voice and Voice Disorders Expert Panel, 
should be singled out for special appreciation* This update to the National Strategic 
Research Plan is very much a product of their experience, expertise and guidance* 
Along with their fellow expert panel members, they have formulated a plan for future 
research in two important scientific areas of the NH)CD* 



James B* Snow, Jr*, M.D* 

Director 

National Institute on Deafness and 
Other Communication Disorders 
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PREFACE 



The National Strat^c Research Plan of the National Institute on Deafness 
and Other Communication Disorders (NIDCD) was prepared in April 1989 and 
presented the i*esearch recommendations of more than 100 eminent scientists in 
the seven program areas of the NIDCD. These areas are hearing, balance, smell, 
taste, voice, speech and language. This report contains an update of the Hearing 
and Hearing Impairment and Voice and Voice Disorders sections of the 1989 plan. 

Disorders of hearing and voice affect millions of people in this country. 

More than 28 million Americans are believed to have impaired hearing, and this 
number is expected to increase substantially in the next few decades. Hearing 
impairments may result from aging, genetic factors, infectious and inflammatory 
diseases, exposure to noise, or other causes. Whatever the basis, these impairments 
have serious and far*reaching implications for the quality of life of those affected 
and represent enormous economic costs for treatment. Pursuit of research on 
normal and disordered hearing will lead to a better understanding of normal 
hearing processes and to improvements in the prevention, diagnosis, treatment 
and rehabilitation of hearing impairments. 

Voice production or phonation is the generation and modulation of sound 
and is a subset of the more global process of speech production. In the context 
of communication, voice is an acoustical representation of language. Disorders 
of voice involve difficulties with pitch, loudness and quality and can be distinguished 
from articulation disorders, which present difficulties of speech sound production. 
Although the economic impact of voice disorders cannot be accurately assessed, 
these disorders can have devastatii^ effects on those who suffer from them, 
interfering with their ability to frmction in a work or social setting. 
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PREFACE 



The updates of the Hearing an d Hearing Impairment and Voice and Voice 
Disorders sections of the National Strategic Research Plan have provided an 
opportunity to evaluate the progress that has been made in these areas during 
the past years of the Institute and to assess future needs and opportunities* 

The recommendations presented here are expected to lead to exciting advances 
in scientific knowledge and improve the quality of life for many people* 

Jeffrey P* Harris, M J)*, PhJ>« 

Mary Joe Osbei^er, Ph*D* 
Cochairpersons, Hearing and 
Hearing Impairment Panel 

Thomas J* Hixon, PhJD* 

Gayle E* Woodson, M*D* 
Cochairpersons, Voice and 
Voice Disordeis Panel 

National Institute on Deafness and 
Other Co mmuni cation Disorders 
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EXECUTIVE 

SUMMARY 



Hearing and 
Hearing Impairment 

More than 28 million Americans 
have impaired hearing, and this 
number is expected to increase sub- 
stantially in the next few decades 
due to increasing longevity and the 
consequent overall aging of the popula- 
tion* Levels of hearing impairment 
vary from a mild but important loss 
of sensitivity to a total loss of hearing* 
The largest group of Americans suffer- 
ing from hearing loss is the elderly* 
Age-related hearing loss affects 30 to 
35 percent of the United States popula- 
tion between the ages 65 to 75 years 
and 40 perc nt of the population over 
the age of 75 years* Approximately 
one of every 1000 infants is born with 
a hearing impairment that is severe 
enough to prevent the spontaneous 
development of spoken language, and 
over 50 percent of these impairments 
are believed to be of genetic origin* 

The most common cause of hearing 
loss in children is otitis media* Otitis 
media is predominately a disease of 
infants and young children* This 
disease is estimated to account for 
over 10 million visits to the offices 
of physicians per year and to have a 
total annual cost of over $3*5 billion* 

A substantial number of hearing 
impairments are caused by environ- 
mental factors such as noise, drugs 



and toxins, and many acquired senso- 
rineural hearing losses may resultfrom 
a genetic predisposition to the develop- 
ment of hearing loss due to these factors* 
At least 15 percent of the population 
are affected by tinnitus, many so se- 
verely that it disrupts their lives* 

Important progress has been 
made during the last decade in under- 
standing the auditory system* Many 
insights into the function of the inner 
ear have been derived from in vivo 
and in vitro studies. Using iaxitlQ 
biophysical approaches, characteriza- 
tion of the membrane properties of 
sensory and neuronal elements within 
the organ of Corti, the hearing organ, 
is beginning to provide us with an 
understanding of the molecular basis 
of auditory function* Sound energy is 
detected by inner hair cells, which are 
now understood as mechanoreceptors* 
It has been established that the trans- 
duction of stimuli by these cells is 
mediated by ion channels that are 
directly gated by mechanical forces* 
Progress has been made in understand- 
ing the motility of outer hair cells and 
how these mechanisms function in 
vivo * Changes in hearing have been 
shown to be the most closely associated 
with the loss of outer hair cells* The 
origin of the unique fluid movement 
within the cochlea and details of 
intracochlear blood flow have been 
established* In certain species, includ- 
ing the human, the hearing organ 
generates sound by spontaneous 
or evoked otoacoustic emissions* 
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In humans, this phenomenon may 
be mediated by outer hair cells and 
has great promise for practical 
diagnostic use. 

Major strides have been made 
in studying the regeneration of sensory 
cells in the ear. Sensory cells can be 
regenerated in the inner ear of cold- 
blooded animals, and in avian species 
in which the production of sensory 
cells normally ceases in early embry- 
onic development, regeneration can 
also occur in young and adult birds. 
Regenerated hair cells originate from 
cells produced by the proliferation of 
supporting cells that survive at sites 
of damage in the inner ear. Since 
regeneration of sensory cells has 
not been demonstrated in mammals, 
sensory hearing impairment has 
been considered to be permanent 
and irreversible. Efforts are under way 
tc stimulate regeneration ct sensory 
cells in mammals. If these effo**ts are 
successful, they may pror ide a basis 
for the hope of stimulating regenera- 
tion of auditory hair cells in humans. 

New information has been 
obtained concerning the encoding 
of complex signals transmitted from 
the auditory nerve to the brain. The 
relationship between the neural code 
for sound intensity, frequency and 
temporal characteristics and the 
perception of these stimulus variables 
has been further clarified. Molecular 
techniques have been used to identify 



many of the neurotransmitters and 
receptors involved at speciRc synapses 
throughout the auditory neural axis. 
Evidence suggests that efferent feed- 
back pathways to the inner and middle 
ear may aid in the detection of signals 
in noisy environments and serve to 
protect the ear from acoustic injury. 
Neural plasticity or changes in the 
central nervous system have been 
described in response to enriched 
and deprived acoustic environments. 
New insights have been gained about 
the ways in which the brain creates 
maps of auditory space that interact 
with visual space. 

Recent research in auditory 
psychophysics has produced a set of 
working models of auditory perception 
that have led to advances in the under- 
standing of how human and nonhuman 
listeners assign identities and sources 
to the sounds that they perceive and 
how they recognize the communica- 
tively important sounds of single and 
multiple speakers. There have been a 
number of important advances in the 
linking of psychoacoustic and physi- 
ologic research. Behavioral measures 
of frequency selectivity have been 
developed that allow comparison 
with electrophysiologic measures of 
auditory tuning which can now be used 
to characterize normal and impaired 
hearing. Increased understanding of 
the ability of the ear to distinguish 
changes in spectral shape from 
intensity changes has been achieved. 
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Studies on the role of across frequency- 
band enhancement and interference 
effects on the detection and location 
of sounds are providing improved 
understanding of complex ^real- 
world” auditory perception. Many 
new approaches are being used to 
characterize the location of sounds 
by humans which may lead to new 
possibilities for presenting sounds 
through prosthetic devices. Increased 
study of the role of perceptual learnings 
selective attention^ auditory memory 
and organization in the formation of 
auditory percepts has contributed to 
the understanding of how we attend to 
multiple sources in complex acoustic 
environments. 

Major advances have been made 
in identifying the genes that cause 
hearing loss. Recent accomplishments 
include the mapping of an Usher 
syndrome type 2 geue to the long arm 
of chromosome 1 and a gene for 
Waardenburg syndrome to the long 
arm of chromosome 2. Alsot a gene for 
a dominant nonsyndromic form of 
hearing impairment has been mapped 
to the long arm of chromosome 5. At 
least 28 X-linked disorders involve 
hearing loss. Recent accomplishments 
include precise location of the gene 
causing albinism-deafness and tenta- 
tive evidence of more than one X-linked 
gene for clinically identical forms of 
progressive mixed deafness. A further 
advancement in the field of genetics is 
the ongoing use of powerful tools of 



molecular biology to clone the genes 
for inner-ear development and the 
assembly of human and animal 
cochlea-specific cDNA libraries. 

The role of genetic factors in 
acquired sensorineural hearing loss 
has recently been underscored by 
the demonstration of a genetically 
controlled mitochondrial disorder 
which predisposes the host to 
aminoglycoside ototoxicity. Such 
models will enable researchers to 
understand how and which ototoxic 
metabolites cause damage to the 
cochlea. Similar factors may prove 
to be important in the development 
of presbycusis, and the identification 
of mouse models of this condition will 
also help elucidate potential new 
therapies for sensorineural hearing 
impairment. 

Recent progress utilizing 
modern immunobiologic techniques 
has demonstrated that the inner ear 
is immunoresponsive and comes under 
the influence of the host^s immune 
system. Furthermore, it has been 
shown that immune reactions within 
the inner ear occur as a result of both 
the host^s normal defense mechanisms 
as well as an immune response gone 
awry in the form of autoimmunity. 
Recent evidence, in fact, has shown 
that some patients with rapidly pro- 
gressive deafness have autoantibodies 
directed against their inner ear and if 
recognized and treated early, their 
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hearing can be restored* Applications 
of immunologic assays may become 
available to make this diagnosis and 
to open new avenues for treatment. 

The application of these techniques 
also may prove to be helpful in the 
diagnosis of perilymph fistulae* 

Recent development of animal 
models of bacterial and viral infections 
of the labyrinth and meninges has led 
to a greater understanding of the 
development of sensorineural hearing 
impairment associated with these 
conditions* The time course^ the role 
of immunity and inflammation, the 
routes of spread and therapeutic 
interventions are beginning to be 
understood for the first time* Newer 
forms of anti-inflammatory agents, 
antibiotics and antiviral drugs may 
find rapid application in the treatment 
for these conditions with the advent 
of suitable animal models in which to 
test their efficacy* Additionally, these 
models will allow a greater understand- 
ing of why and to what degree infants 
and children are susceptible to 
ototoxic drugs used in the treatment 
of infections* 

Due to the prevalence, long-term 
sequelae and cost to our society, otitis 
media continues to be an important 
focus of research* Important progress 
in the understanding of the epidemiology 
and pathophysiology of otitis media 
has been made* Studiesof the eusta- 
chian tube have provided new 



information on tubal compliance, 
surfactant-like substances, neural 
connections, mucociliary clearance 
and the effects of adenoidectomy and 
drugs on its function* Recent studies 
also have revealed the importance of 
cellular regulation, differentiation 
and receptor expression in the patho- 
genesis of otitis media* Application 
of immunocy tochemistry has led to 
advances in our understanding of the 
tilament proteins, neuropeptides, 
oxidative enzymes, immunocompetent 
cells and inflammatory mediators 
involved in otitis media* New evidence 
has surfaced which shows the impor- 
tance of prior viral infection in the 
development of otitis media* Research 
at the cellular and molecular levels has 
begun to characterize the bacterial- 
cell genome to understand better 
adherence of bacteria to epithelial 
cells and antibiotic resistance, as 
well as cell-membrane receptors in- 
volved in bacterial invasion and how 
properties of the bacterial-cell wall 
and its breakdown products lead to 
middle-ear inflammation* The role 
of local and systemic immunity has 
also received recent attention by the 
demonstration that the middle-ear 
immune response may be manipulated 
by donor T-lymphocytes which are 
primed by oral antigen* Such studies 
might lead to newer methods of pre- 
vention by rendering the host 
immunologically tolerant to the 
antigens liberated during otitis media 
so that inflammation is abrogated* 
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Current research also suggests that 
impaired immunity or its delayed 
maturation may predispose certain 
children to otitis media* 

Important r**search on develop- 
ing new and mor^' immunogenic 
vaccines for the prevention of otitis 
media caused by nontypable Haemo- 
philus influenzae and Streptococcus 
pneumoniae (pneumococcus) are 
now under way* They have been 
encouraged by the success of vaccines 
with Haemophilus influenzae type b 
polysaccharide-protein conjugates 
in the prevention of meningitis in 
infants and young children^ a major 
cause of profound hearing impairment* 
Clinical studies have also made strides 
in the diagnosis and antibiotic and 
surgical treatment for otitis media* 

Recent advances in exploring 
the cause of otosclerosis, a disorder 
which affects one out of every 100 
adults in this country, are promising* 
With the use of immunohistochemical 
techniques, viral antigens of rubella 
and rubeola have been found in the 
active lesions of this disease and newer 
ultrastructural studies are beginning 
to shed light on the mechanism of bone 
remodeling seen in this condition* 

Studies of the host factors 
which lead to the development of 
cholesteatoma are emerging as well 
as the role of inflammation, enzymes 
and factors involved in bone resorption 



and remodeling* Despite extensive 
clinical efforts, chronic suppurative 
otitis media and cholesteatoma still 
account for the majority of conductive 
hearing loss cases in adults in the 
United States* The development of bio- 
compatible, middle-ear implants for 
the correction of conductive hearing 
loss has resulted in great progress* 
Newer, prosthetic, ossicular and canal- 
wall implants are being developed and 
employed in clinical trials to establish 
their efficacy* Additionally, there has 
been important development of partially 
or fully implantable hearing aids for 
the correction of conductive hearing 
losses for which routine hearing aid 
applications have failed* 

Considerable progress had 
been made in hearing aids and other 
auditory prostheses* Digital and 
programmable hearing aids with 
improved signal processing are being 
developed and fitted clinically* In 
addition, a variety of noise reduction 
schemes are being incorporated 
into hearing aids* The multichannel 
cochlear implant has become a widely 
accepted auditory prosthesis for 
children and adults who receive no 
benefit from conventional hearing 
aids* The vast majority of adult 
cochlear implant recipients derive 
substantial benefit in conjunction 
with speechreading, and many can 
communicate effectively without 
speechreading* Children, including 
the prelingually deafened, also 
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demonstrate substantial benefit from 
implants, particularly with continued 
use. New sound processing techniques 
based on high-rate, nonsimultaneous 
(interleaved), pulsatile stimulation 
have been shown to improve the 
effectiveness of cochlear implants. 

An important development is the 
application of neural prostheses to 
the auditory brain stem in individuals 
with destruction of the nerves of 
hearing due to bilateral acoustic 
neurinomas or head trauma. Studies 
of methods of tactual communication 
used by deaf and blind persons demon- 
strate the capacity of the skin and the 
proprioceptive system as a communi- 
cation vehicle and provide a basis 
for the development of tactile aids 
as alternatives for powerful hearing 
aids and auditory prostheses. 

Recent accomplishments in the 
area of auditory rehabilitation include 
the use of computer-controlled video 
and audio laser disc systems for fully 
or semi-autoraated instruction and the 
increased understanding of the contri- 
butions of context and prior knowledge 
to the perception of spoken language 
from impoverished sensory input. 

The areas of assessment and 
diagnosis have benefited from the 
development of noninvasive methods 
for measurement of the acoustic 
properties of the external and middle 
ears (acoustic immittance), computer- 
based techniques for assessment of 



sound-evoked electrical activity in 
the cochlea (electrocochleography) 
and in the brain (auditory brain 
stem and cortical responses) and the 
discovery of spontaneous and evoked 
emission of sound from the inner ear 
(otoacoustic emissions). Otoacoustic 
emissions hold great promise for the 
precise evaluation of defects in the 
inner ear and for the early identifica- 
tion of hearing impairment in infants. 

Research Opportunities 
in Hearing 

Transduction and Homeostasis 

o Measure the mechanical 

changes in hair bundles 
during transduction and 
adaptation and determine how 
these mechanical changes affect 
basilar-membrane motion. 

o Elucidate the mechanism of 

outer-hair-cell motility and 
investigate the role of this 
process in frequency tuning 
on the basilar membrane. 

o Relate the unique structure of 

the hair cell’s afferent synapse 
to its role in sensitive, high- 
frequency synaptic transmission 
and identify the hair cell’s 
neurotransmitter and its 
postsynaptic receptor and 
signaling mechanisms. 
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o Identify and characterize 

the molecular substrate under- 
lying transduction, motility 
and cellular homeostasis* 

o Examine the homeostatic 

processes that regulate the 
cochlear environment, includ- 
ing the control of blood flow, 
ionic balance and intercellular 
communication* 

o Construct cDNA libraries repre- 

senting messages for proteins 
involved in transduction, motility 
and ionic regulation; probe the 
libraries in an effort to identify 
and sequence the proteins that 
are the transduction channel, 
the adaptation motor, the 
afferent transmitter receptor 
and growth-factor receptors* 

Sound Processing in the Brain 

o Study the functional connec- 

tions of neurons and synaptic 
mechanisms at all levels of the 
auditory system* 

o Relate neurophysiologic 

descriptions of the auditory 
system to animal and human 
psychophysical data* 

o Characterize fully the afferent 

and efferent auditory systems* 



o Study the potential for central 

reorganization subsequent to 
peripheral or central injury, 
determining the plasticity of 
the mature auditory system and 
the impact of modiHed auditory 
input upon its organization* 

o Develop models to provide 

concise descriptions of normal 
and abnormal auditory function* 

Auditory Perception 

o Define the relations between 

complex acoustical signals 
and the resulting perceptual 
experiences of listeners* 

o Elucidate the perceptual 

correlates of sound coding in 
the auditory nervous system* 

o Enhance the i nderstanding 

of sound location in animals 
and humans* 

o Relate emerging knowledge 

about perceptual organization 
to the development of a compre- 
hensive model for auditory 
perception of spoken language* 

o Extend research conducted on 

listeners with normal hearing 
to study the consequences of 
sensorineural hearing loss on 
the perception of complex 
sounds and spoken language* 
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Development, Aging 
and Regeneration 

o Assess the normal life cycle of 

the auditory system, including 
the definition of critical periods 
for the development of auditory 
processes. 

o Evaluate the limits of neural 

plasticity in the auditory system* 

o Define the influences of 

environmental, nutritional 
and pathologic factors that 
compromise the normal life- 
cycle of the auditory system* 

o Study the embryonic mecha- 

nisms for the formation of the 
normal ear and characterize 
the mechanisms underlying 
normal cell proliferation and 
differentiation* 

o Study the developmental 

course of complex sound and 
speech perception in infants 
and young children* 

o Elucidate the many aspects 

of age-related hearing loss in 
animals and humans* 

o Isolate and identify molecular 

events that evoke proliferation 
leading to the replacement of 
lost sensory cells* 



o Assess the roles of known and 

suspected growth factors that 
may influence the production 
and development of replacement 
sensory cells and the formation 
and maintenance of their con- 
tacts with neurons* 

o Explore the molecular, 

morphologic, physiologic 
and behavioral consequences 
of sensory cell regeneration* 

o Identify the mechanisms that 

determine neuronal survival 
and explore paradigms that 
may protect and maintain 
auditory neurons after trauma 
or deprivation* 

o Characterize the morphogenetic 

processes of the embryonic ear* 

o Identify the intercellular signals 

that regulate developmental 
specialization of cells that 
perform the sensory and support- 
ing functions of the cochlea* 

o Determine which growth factors 

mediate the trophic interdepen- 
dence between sensory cells and 
neurons in the auditory system 
and assess the strength and the 
timing of those interactions in 
normal development and during 
regeneration* 
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o Investigate the potential 

for sensory cell replacement 
and regeneration in mammals. 

o Study the role of electrical 

stimulation in prolonging 
neuronal survival. 

Research Opportunities 
in Hearing Impairment 

Hereditary Hearing Impairment 

o Map, isolate, clone, sequence 

and characterize genes respon- 
sible for hearing impairment 
in humans and animals. 

o Solicit the participation of 

families in studies of hereditary 
hearing impaiimient. Educate 
professionals serving people 
with hearing impairment 
regarding selection criteria 
for these families. 

o Develop clinical and physio- 

logical tests which identify 
carriers of recessive hearing 
loss genes. 

o Develop comprehensive inner 

ear-specific cDNA libraries from 
humans and laboratory animals. 



Acquired Sensorineural Hearing Loss 

o Study the incidence, patho- 
physiology and treatment of 
hearing loss and ear disease 
associated with human 
immunodeficiency virus 
and the opportunistic 
infections it causes. 

o Study the incidence, patho- 

physiology, diagnosis and 
treatment of hearing loss 
associated with viral and 
bacterial infections. 

o Study the natural history, 

biology, treatment and rehabili- 
tation following treatment of 
neoplasms which affect the 
temporal bone. 

o Study the effects of trauma, 

environmental factors and 
ototoxic drugs on hearing; 
new means of establishing 
the causal relationship of the 
hearing impairment to the 
traumatic event or injurious 
agent; improved screening 
techniques for prevention; 
location of the insult within 
the auditory system; and 
identification of the molecular 
mechanisms underlying this 
damage so that strategies for 
treatment can be developed. 
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o Study the possible causes of 

acquired sensorineural hearing 
loss of infancy to establish pre- 
cise causes so that preventative 
interventions can be developed* 

o Study the normal immune host 

responses involved in diseases 
of the middle and inner ear* 

o Establish and investigate 

animal models of autoimmune 
sensorineural hearing loss, 
determine the inner-ear targets 
of autoimmunity, develop specific 
and sensitive diagnostic tests 
for this condition in humans and 
conduct controlled treatment 
trials to determine effective and 
safe therapeutic intervention* 

o Study the idiopathic forms 

of hearing loss, such as oto- 
sclerosis and perilymphatic 
fistula, with attention toward 
establishing a cause, improving 
diagnosis and determining 
efficacy of treatment* 

o Determine the natural history, 

pathogenesis and treatment 
of tinnitus* 

o Perform clinical trials to 

determine the most efficacious 
treatment for the various causes 
of sensorineural hearing loss* 



o Study the natural history, 

epidemiology, diagnosis, 
pathogenesis and treatment 
of Meniere’s disease* 

o Establish more sensitive diagnostic 

tests for viral deafness, separa- 
tion of peripheral from central 
causes of hearing loss, neuro- 
fibromatosis type 2 and those at 
increased risk for noise-induced 
hearing loss and ototoxicity* 

o Apply newer research techniques 

involving molecular biology, 
immunohistochemistry, electron 
microscopy and computer- 
assisted reconstruction to the 
study of the temporal bone* 

o Establish a national consortium 

to create cDNA libraries of the 
inner ear so that this technology 
can be made available to investi- 
gators in the field* 

o Develop national registries to 

collect epidemiologic data on 
hearing loss and other diseases 
which affect the ear* 

otitis Media, Otosclerosis and 
Other Middie-Ear Disorders 

o Study the epidemiology and 

incidence of otitis media among 
multicultural populations with 
attention to environmental 
versus genetic factors* 
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o Study the anatomy^ biochemis- 

try and development of the 
eustachian tube and its role in 
otitis media and maintenance 
of middle-ear gas composition. 

o Study the cellular elements and 

their function in the middle ear. 

o Study the microbiology, 

immunology and biochemistry 
of the middle-ear inflammatory 
. response. 

o Study the role of local and 

systemic immune responses in 
the pathogenesis and recovery 
from otitis media. 

o Develop vaccines for the 

;revention of otitis media 
and meningitis. 

o Develop diagnostic measures 

for otitis media in infants under 
six months of age. 

o Study existing and new treat- 

ment modalities in otitis media 
to establish their efficacy and 
safety. 

o Study the long-term sequelae 

of otitis media on middle- and 
inner-ear function, middle-ear 
and mastoid pathology and 
speech, language, perceptual 
and cognitive development. 



o Study the epidemiology and 
the molecular and cellular 
mechanisms involved in the 
pathogenesis of otosclerosis. 

o Develop a precise diagnostic 

test or assay for perilymphatic 
fistula. 

o Study the micromechanics 

of the conductive hearing 
apparatus and develop improved 
middle-ear implants and electro- 
mechanical or electromagnetic 
drivers of the ossicular chain. 

Assessment, Diagnosis, Treatment 
and Rehabilitation 

o Develop and validate new 

procedures to identify hearing 
loss and evaluate the perceptual 
consequences of hearing loss. 

o Develop and evaluate new tech- 

niques for effective auditory 
rehabilitation of children and 
adults with hearing impairment. 

o Continue the development 

and evaluation of sensory 
aids for persons with hearing 
impairment including hearing 
aids, cochlear implants, auditory 
brain stem implants, tactile aids 
and speechreading supplements. 

o Continue the development 

and evaluation of visiual 
technologies for individuals 
with hearing impairment. 
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Voice and Voice 
Disorders 

The vocal folds in the larynx 
(voice box) separate during breathing 
so that air can enter the lungs. During 
swallowing, the vocal folds are forced 
tightly together to prevent food or 
liquid from entering the lungs. For 
coughing, which is a protective reflex 
action, the vocal folds seal tightly 
and then separate abruptly. Voice or 
phonation is produced when airflow 
from the lungs causes the vocal folds 
to vibrate. The vibration of the vocal 
folds is the sounding source, and the 
sound is further modified by actions 
of structures within the throat, nose 
and mouth. When vocal fold vibration 
is impaired, sound generation for 
voice, speech and singing is affected. 
A wide variety of voice disorders 
occur, some for structural, ? eural 
or behavioral reasons. 

Voice science is a rapidly 
growing field. Within the last decade, 
the field has expanded in a variety of 
ways. A large, new knowledge base 
and clinical delivery system have 



developed, resulting in recognition, 
diagnosis and treatment of patients 
with voice impairments, laryngeal 
pathology and swallowing disorders. 

New technologies for voice 
science have been developed. These 
technologies have enabled improved 
visualization of various components 
of the voice production mechanism, 
particularly the larynx. They have also 
opened new vistas on the functioning 
of the vocal folds and are leading to the 
development of new theoretical models 
of laryngeal behavior. Such techno- 
logic improvements are also providing 
new databases of value in understand- 
ing, evaluating and treating individuals 
with voice or swallowing disorders. 

Newly developed measures 
of voice can be used to evaluate the 
efHcacy of existing therapy and 
suggest possibilities for future 
improvements. New surgical tech- 
niques called phonosurgery are 
being used to improve and restore 
voice by removing benign growths, 
correcting structural abnormalities 
and repairing trauma. Promising 
new treatments have emerged, 
including the use of botulinum 
toxin in spasmodic dysphonia. 
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M^jor Basic and Clinical 
Research Opportunities 

Normal Structure 
and Function 

Respiratory, Laryngeal and Upper 
Aerodigestive Tract Physiology 

o Study the nature of respiratory, 
laryngeal and upper aerodigestive 
tract actions and interactions in 
voice production and determine 
the principles that govern adap- 
tive and maladaptive behaviors 
in response to laryngeal disorders 
or diseases* 

o Gather data on voice produc- 

tion that encompass various 
domains, including neural, 
muscular, structural, aero- 
mechanical, acoustical and 
perceptual domains. 

o Conduct research to delineate 

further the effects of bolus 
characteristics, respiratory 
parameters and voluntary 
control on timing and extent 
of laryngeal elevation and 
closure and pharyngeal contrac- 
tion during swallowing. 



o Conduct studies on the mecha- 
nisms involved in the control 
of vocal pitch, loudness, quality 
and register, including mecha- 
nisms associated with singing* 

o Study the role of sensation, 

including hearing, vibrotactile 
sensation, proprioception and 
respiratory cues, in the develop- 
ment and use of voice in normal, 
impaired and exceptional subjects* 

o Delineate the acoustic to 

perceptual transformation in 
voice-quality disorders, with 
special attention to those 
aspects of the voice signal that 
give rise to the perception of 
disorder and its quantities* 

o Study the timing mechanisms 

of laryngeal behavior in coordi- 
nation with respiratory and 
articulatory activity* 

o Conduct studies on the e\cep- 

tional (trained) singer to specify 
the limits of the human voice 
and its optimal efficiency* 

o Determine the effects of 

lifestyle choices (diet, smoking, 
drug use, exercise and alcohol 
consumption) on the function 
of the larynx and upper 
aerodigestive tract. 
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Neural and Vascular Mechanisms 

o Conduct studies of neural 

control of the larynx for voice 
production, respiration and 
swallowing in humans and ani- 
mals, including the elucidation 
of reflex mechanisms for each. 

o Use transcranial magnetic 

stimulation and sensory evoked 
potentials to map cortical areas 
pertinent to laryngeal function. 

o Determine the activity of the 

brain stem motoneuron pool 
during different phases of 
respiration, phonation and 
sw^allowing via the use of 
short- and long-latency reflexes 
elicited through electrical 
stimulation of the recurrent 
laryngeal nerves. 

o Obtain information concerning 

the function of neural sensors in 
the control of voice production. 

o Determine the similarities 

and differences in human 
laryngeal physiology to that 
of other species proposed as 
models for human voice 
production and swallowing. 

o Use electrically or chemically 

elicited phonation from the 
periaqueductal gray area of 
the mid brain in anesthetized 



animals to study the behavior 
of laryugeal motoneurons, 
sensory afferents of the 
larynx and mechanisms 
of phonatory control. 

o Conduct studies of blood 

circulation and its autonomic 
control to laryngeal tissues and 
the relations to biomechanical 
changes in the larynx, vocal 
fatigue and laryngeal lesions. 

Biomechanics 

o Develop common spatial and 

relational references for laryn- 
geal function to make it possible 
to gather multivariate data to 
enhance the modeling of laryn- 
geal function and dysfunction. 

o Determine the importance of 

lubricating fluids on the vibra- 
tory function of the vocal folds 
and study the composition and 
aberrations in these fluids. 

o Conduct studies of the material 

properties and biomechanical 
behaviors of laryngeal structures. 

o Determine the physiologic 

consequences of muscular 
atrophy of the upper aerodiges- 
tive tract on vocalization, 
swallowing and respiratory 
function. 
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Development and Aging 

o Conduct studies of the mecha- 

nisms of epithelial-mesenchymal 
tissue interactions that are a 
driving force in the normal 
development of the larynx 
and its final form* 



o Define the distribution of 

extracellular matrix molecules, 
oncogene expression, growth 
factors and growth-factor recep- 
tors as they relate to normal 
structure of the aging larynx* 

o Conduct studies of the cellular 

biology of cartilage and joint 
deterioration in the larynx as 
they affect voice production 
and swallowing in aging* 



o Specify the nature of voice 
production as it relates to 
the developing structure of 
the entire respiratory system, 
upper aerodigestive tract 
and larynx in particular* 

o Obtain data on laryngeal and 
upper aerodigestive function 
of normal octogenarians, 
nonagenarians and centen- 
arians for voice production 
and swallowing* 

Cellular and Molecular Biology 
and Anatomy 

o Specify the sites of hormonal 

influence on the respiratory 
system, upper aerodigestive 
tract and larynx in particular, 
as well as hormonally affected 
changes in voice production* 

o Determine the biochemical 

and structural specializations 
characteristic of laryngeal 
muscle fibers and their 
innervation* 



Diseases and Disorders 
of the Larynx and Upper 
Aerodigestive Tract 

Epidemiology and Prevention 

o Gather data on the incidence 

and prevalence of voice and 
swallowing disorders* 

o Conduct epidemiological 

surveys of the influence of 
external environmental factors 
on voice production to identify 
important agents and clarify 
pathophysiology and develop 
strategies for prevention, 
diagnosis and management of 
the resultant voice disorders* 

o Identify genetic and environ- 

mental causes of congenital 
disorders of the larynx and 
pharynx* 
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o Develop strategies for 

prevention and early 
detection of cancer of the 
upper aerodigestive tract. 

o Conduct epidemiologic and 

case-control studies to identify 
factors which may lead to focal 
dystonias of the head and neck. 

Pathophysiology and Potential 
for Improved Therapy 

o Improve the understanding of 

infectious and allergic disorders 
of the upper aerodigestive tract 
and develop better therapy. 

o Identify and study genetic 

influences on laryngeal 
function and dysfunction. 

o Obtain information on the 

effects of drugs (alone or 
in combination with other 
therapy) on the voice. 

o Study the role of psychogenic 

factors in the pathogenesis of 
voice disorders and response to 
treatment and develop criteria 
for distinguishing psychogenic 
from organic voice disorders. 

o Determine the role of extra- 

cellular matrix, growth factors 
and oncogenes in wound 
healing of the larynx and in 
the pathogenesis of laryngeal 
and tracheal stenosis. 



o Determine reasons for gender 

differences in susceptibility 
to vocal disorders. 

o Study the effects of aging on 

voice production to establish 
the true nature of age-related 
voice (not pathologic) changes 
and develop treatment to fore- 
stall or prevent such changes. 

o Study the effects of respiratory 

disorders on the voice. 

o Conduct studies of recurrent 

laryngeal nerve regeneration 
as well as denervated laryngeal 
muscles to improve the under- 
standing of pathogenesis and 
treatment of laryngeal paralysis. 

Evaluation of Current Therapy 

o Conduct prospective, controlled 

trials to assess effectiveness of 
treatment for voice disorders, 
including phonosurgical proce- 
dures and voice therapy. 

o Conduct long-term, large-scale 

studies of the management of 
laryngeal papillomata to address 
recurrence rates, effects of 
treatments, ejects of cofactors 
and rates of association with 
carcinoma of the larynx. 
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o Evaluate prospectively the 

effects of conservation surgery 
for upper aerodigestive tract 
malignancy on speech^ 
swallowing and breathing. 

o Determine the effects of 

irradiation and chemotherapy 
on laryngeal function. 



for the effects of surface tension, 
other tissue surface properties 
and the specific effects of muscle 
contractions, including non- 
linear phenomena. 

o Use magnetic resonance 

imaging and positron emission 
tomography to seek structural 
lesions in the central nervous 



o Conduct prospective trials 

to develop criteria to predict 
optimal dosage and placement 
of botulinum toxin injection 
in the management of focal 
dystonias and to determine the 
long-term effects of this therapy. 

o Characterize the diffusion 

of botulinum toxin in tissues 
and determine whether retro- 
grade transport to the brain 
stem accounts for some of the 
substance’s therapeutic actions. 

o Conduct studies of the effects 

of acid and alkaline gastro- 
esophageal reflux on voice 
and swallowing and evaluate 
the efficacy of treatment for 
these disorders. 

Technology 

o Use simulation modeling to 

predict the effect of modifying 
individual elements controlling 
laryngeal function and account 



system in patients with voice 
and swallowing disorders . 
and to improve understanding 
of the control of the upper 
aerodigestive tract. 

Diagnosis 

o Conduct studies on large popula 
tions of normal and disordered 
speakers to clarify the relations 
between quantitative measures 
and perceptual vocal character- 
istics to determine how to use 
quantitative measures in making 
treatment decisions. 

o Determine the usefulness of 

aeromechanicai measurements 
in the differential diagnosis 
and assessment of treatments 
for vocal disorders and 
evaluate the contribution 
of the respiratory system f o 
aerodynamic measures. 

o Develop meaningful parameters 

to evaluate quantitatively 
laryngeal visual images. 
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o Study the impact on laryngeal 

electromyography of variations 
in electrode configuration^ 
interaction of electrodes with 
muscles^ techniques used to 
verify electrode placement 
and testing protocols. 

o Develop techniques for 

nonvoluntary activation of 
laryngeal nerves as a means 
of verifying the integrity of 
laryngeal nerves in uncoopera- 
tive or anesthetized patients. 

Treatment 

o Conduct studies of electrical 

pacing of the larynx to evaluate 
the procedure and determine 
its long term efficacy. 

o Develop prosthetic speech 

instruments which mimic 
natural voice characteristics 
and express paralinguistic 
features of stress^ intonation 
and juncture. 

o Develop and determine the 

usefulness of techniques for 
intra-operative monitoring 
and assessment of vocal function 
in improving surgical results 
and preventing complications. 
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Overview 

Prevalence, Incidence 
and Cost of Hearing 
Impairment 

More than 28 million Americans 
are believed to have impaired hearing* 
Levels of hearing impairment vary 
from a mild but important loss of 
sensitivity to a total loss of hearing* 
Approximately one of every 1000 
infants is born with a hearing impair* 
ment that is severe enough to prevent 
the spontaneous development of 
spoken language* Many more infants 
have a less severe but substantial 
impairment or will acquire one by 
age three or four* Over 50 percent of 
these impairments are believed to be 
of genetic origin* These impairments 
have serious and far*reaching implica- 
tions for all aspects of development, 
and the costs of treatment and educa- 
tion for these children are enormous* 

The most common cause of 
hearing loss in children is otitis media, 
an infection in the middle ear* Otitis 
media is predominantly a disease of 
infants and young children* Recent 
studies show that about 75 percent of 
all American children have an episode 
of otitis media by the time they are 
three years of age* This disease is 
estimated to account for over 10 million 



visits to the offices of physicians per 
year and to have a total annual cost of 
over $3*5 billion* The cost of managing 
otitis media is enormous, but it pales in 
comparison to the developmental and 
educational sequelae of otitis media* 

The number of hearing-impaired 
people in the United States is expected 
to increase substantially in the next 
few decades due to increasing longevity 
and the consequent overall aging of the 
population* By far, the largest group of 
Americans suffering from hearing loss 
are the elderly* Thirty to 35 percent of 
the United States population between 
the ages 65 to 75 years have a hearing 
loss severe enough to require a hearing 
aid* The percentage increases with 
age, and 40 percent over the age of 75 
years would benefit from amplification 
with a hearing aid* The costs of manag- 
ing hearing impairments in the elderly 
are enormous and growing, but they 
are overshadowed by the costs in terms 
of quality of life* There are many and 
obvious benefits of eliminating or 
alleviating hearing impairments in 
the elderly* Recent advances in drug 
therapy suggest that it may be possible 
to replace neurotransmitters of the 
auditory system that are diminished 
in the aging process* 

Hearing impairment includes 
auditory disorders that are not 
necessarily accompanied by a loss 
of sensitivity* Auditory processing 
disorders occur in learning disabled 
children* 
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A substantial number of hearing 
impairments are caused by exposure 
to noise, either in the workplace or as 
a result of leisure activities* Strategies 
need to be developed to educate the 
public on the importance of preventing 
noise-induced hearing impairment* 

The costs associated with prevention 
are minimal compared to the enormous 
costs of rehabilitating individuals 
once affected* 

At least 15 percent of the popu- 
lation are affected by tinnitus, many 
so severely that it disrupts their lives. 
The socioeconomic impact of this 
form of hearing disorder is great but 
has not been fully quantified. 

Historical Background 

Research on hearing impairment 
has not progressed as well as on other 
disorders. Research on the ear and the 
processes associated with hearing and 
its disorders was inhibited for many 
years by the fact that the tiny sensory 
organ for hearing, the organ of Corti, 
is encased by the bony cochlea (shaped 
like a snail shell) and was inaccessible 
to direct observation and experimental 
manipulation* The cochlea was, in fact, 
a ‘^black box,” which could be investi- 
gated in the living state only by indirect 
methods* Studies of pathology were 
also difficult, since the preservation 



and histologic preparation of the 
delicate structures of the inner ear 
were complicated by the presence 
of the surrounding bone* 

There is insufficient public 
appreciation of the vital importance 
of good hearing to overall health 
and employment opportunities. 

All societies depend upon the mutual 
abilities of their citizens to understand 
and produce speech and language* 
Hearing is essential to everyday 
human communication, and yet it is 
taken for granted much more than other 
areas of health. Furthermore, hearing 
is widely and thoughtlessly abused. 

Some individuals who do not 
hear are members of a cultural commu- 
nity with its own language, American 
Sign Language. There is great interest 
about the nature and acquisition of 
signed language and about visual 
processing of language by deaf people 
within the 1991 update of the Language 
and Language Impairments section of 
the National Strategic Research Plan. 

Recent research on deafness 
and hearing impairment has benefited 
greatly from major advances in bio- 
medical research as a whole, such as 
molecular biology* Rapid advances in 
the molecular genetics of hereditary 
hearing impairment are at hand* 
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Hearing 

Transduction and Homeostasis 

The sensory cells of the auditory 
system are located in the organ of Corti 
(hearing organ) and are in contact 
with the fibers of the auditory nerve. 
The sensory cells in the organ of Corti 
consist of inner and outer hair cells. 

In the auditory system^ transduction 
is the process in which acoustic 
energy is converted to electrical energy, 
resulting in the propagation of nerve 
impulses in the auditory nerve. Homeo- 
stasis is the process oi^ maintaining a 
tendency of stability ^n the internal 
environment. Cochlear homeostasis 
is essential for the maintenance of 
normal hearing. Intracellular record- 
ings from inner and outer hair cells 
have revealed important functional 
differences between the two hair cell 
populations. Sound energy is trans- 
duced by inner hair cells, which are 
now understood as mechanoreceptors. 
The transduction is mediated by ion 
channels that are directly gated by 
mechanical force. The hair cell’s 
transduction channels thus differ 
importantly from previously charac- 
terized channels responsive to 
membrane potential or ligand binding. 

The inner ear not only receives 
but also produces acoustic energy. 

The signals resulting from this energy 
are called otoacoustic emissions which 



can be detected with sensitive micro- 
phones in the external auditory canal. 
This finding has opened a new era 
of investigation. The source of the 
otoacoustic emissions is thought to be 
the outer hair cells. The isolation and 
maintenance of outer hair cells in UtCfi 
has led to the discovery that outer hair 
cells move in response to acoustical 
and electrical stimulation and changes 
in their chemical environment. Further- 
more, the outer hair cell motility is 
influenced by nerves from the central 
nervous system to the inner ear. It is 
believed that the motility of the outer 
hair cells results in mechanical 
changes in the organ of Corti which 
make the inner hair cells more sensi- 
tive and capable of detecting fine 
frequency differences. 

The origin of the unique fluid 
environment within the cochlea and 
details of intracochlear blood flow 
have been established, and the 
understanding of the biochemical 
mechanisms involved in transmem- 
brane signaling is increasing. 

Sound Processing in the Brain 

When presented with the complex 
sounds of speech, the normally hearing 
listener is able to extract many differ- 
ent features of speech such as its 
frequencies, intensities, rhythm, 
location and identity of the speaker 
and the meaning of the words. 

The brain extracts these stimulus 
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features by processing patterns of 
neural activity along dififerent path- 
ways to different subregions of the 
brain. Each pathway may be special- 
ized to analyze only certain aspects 
of the sound. These parallel pathways 
are constructed from a complex 
network of nerve cells interconnected 
by excitatory and inhibitory synapses. 

At present, our understanding 
of the neuronal processes underlying 
sound analysis is incomplete^. Never- 
theless, important progress has been 
made in some areas, such as under- 
standing how sources of sounds are 
located in space and how speech and 
other complex sounds are coded at 
lower levels of the auditory central 
nervous system. 

To understand how complex 
sounds such as speech are processed, 
a variety of anatomic and physiologic 
techniques are being used to measure 
and analyze responses to sounds from 
neurons located in different subre- 
gions of the brain. Neuronal activity 
patterns are associated with different 
cell types within each region and with 
the chemicals (transmitters) they use 
for interneuronal communication. 

The aim is to describe, for 
each subsystem, the chain of neurons 
involved in the analysis and how the 
relevant information is represented 
in patterns of neural activity. Knowl- 
edge of the subsystems’ transmitters 



can be critical in selectively stimulat- 
ing or blocking elements of the neural 
circuits and thereby dissecting their 
functional roles or treating their 
disorders. This knowledge also can 
be used in mapping the location of 
different cell types by the application 
of immunologic or molecular probes. 

In view of the complexity of the 
inner ear and the brain, small distur- 
bances in normal function can produce 
substantial hearing impairments. 

To provide successful treatment 
strategies for hearing disorders or 
to design neural prostheses and 
therapeutic agents, there must be an 
understanding of the normal anatomy, 
physiology and biochemistry of the 
auditory system. Progress already 
made in these areas is being applied 
to the periphery in the design of 
cochlear prostheses and hearing aids 
and has led to great improvements in 
the ability to overcome the disabling 
consequences of many types of hearing 
impairments. IdentiRcation of trans- 
mitters could ultimately lead to the 
development of drug therapies for a 
variety of auditory system disorders 
including hearing impairment and 
tinnitus. 

Auditory Perception 

The study of auditory perception 
is concerned with how sound patterns 
are converted by the auditory system 
to experiences by the listener. 
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Auditory perceptual research extends 
and relates work on physiologic aspects 
of sound coding to the resulting 
experience of sound. 

Research on auditory perception 
also determines the relation between 
physical properties of complex sounds 
(such as environmental sounds and 
speech) and the experiences arising 
from them. Work on determining how 
listeners recognize the source of 
sounds or individual speakers and 
how they separate and locate inputs 
from several different sound sources 
is in progress. The benefits to be 
derived from increasing our under- 
standing of how normal and impaired 
auditory systems mediate the percep- 
tion of sound are many» and they 
include: (1) innovative designs for 
auditory prostheses^ (2) greatly 
improved behavioral tests for diag- 
nosis of specific auditory disorders 
and (3) improved methods for training 
and rehabilitation of hearing-impaired 
individuals. 

Regeneration of Sensory Cells 

Sensory cells in the ear of cold- 
blooded animals can be regenerated. 
Even in species such as birds^ in 
which the production of sensory cells 
normally ceases in early embryonic 
development) regeneration can occur 
in young and adult birds. Furthermore, 
the regeneration of sensory cells has 
been shown to contribute to recovery 



of hearing. Recent investigations have 
shown that the regenerated hair cells 
originate from cells produced by the 
proliferation of supporting cells that 
survive at sites of damage in the inner 
ear. Efforts are now under way to 
identify the molecular events that 
stimulate the proliferation of those 
cells, so that those events or their 
analogs may be tested for their potential 
to induce sensory cell regeneration 
in mammalian ears where it does not 
appear to occur spontaneously. 
Investigations of sensory cell regen- 
eration must utilize a combination 
of conventional methods and methods 
that originate from the cutting edge 
of biotechnology. The questions are 
formidable, but the potential payoff 
from this research may be the long- 
hoped for regeneration of auditory 
hair cells in humans. 

Hearing Impairment 

Hereditary Hearing Impairment 

Hereditary hearing impair- 
ment accounts for at least 50 percent 
of congenital deafness. Syndromes 
in which there is some other finding 
associated with the hearing impairment 
account for 30 percent while nonsyndro- 
mic forms (hearing impairment alone) 
account for 70 percent of congenital 
hereditary hearing impairment. Of the 
nonsyndromic forms, 70 to 85 percent 
are transmitted as autosomal reces- 
sive, 12 to 27 percent are autosomal 
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dominant and approximately three 
percent are sex-linked. A large per- 
centage of hearing impairment with 
onset in cLildhood and adulthood 
also has a genetic basis, and an under- 
lying genetic susceptibility probably 
contributes to many forms of hearing 
loss attributed to environmental 
factors such as noise-induced hearing 
loss and presbycusis* 

The mapping of genes involved 
in hearing impairment will continue 
to provide important information 
and depends on the identiHcation 
of families with the gene and their 
participation in molecular genetic 
studies* Location of the gene in a 
speciHc chromosomal region provides 
more precise information for genetic 
counseling and is an important first 
step towards isolating the gene, 
determining its protein product 
and understanding the cause of the 
hearing impairment* 

Advances in comparative 
mapping of the human and mouse 
genomes promise to be valuable for 
identifying human genes responsible 
for hearing impairment* The insertion 
of genetic material into cells to prevent 
or ameliorate hereditary hearing 
impairment may soon become a 
possible treatment option* 



Acquired Sensorineural 
Hearing Loss 

There are a great variety of 
causes of acquired sensorineural 
hearing loss* These include: noise 
exposure, infections, neoplasms, 
trauma, degeneration and aging and 
immune-mediated disorders as well 
as unknown causes* Although the term 
“acquired” sensorineural hearing loss 
implies a nongenetic cause, there may 
be a genetic predisposition for the 
development of hearing loss from 
these causes* 

It has been estimated that as 
many as 38,250 new cases of Meniere’s 
disease are diagnosed each year in 
the United States* This condition 
results in hearing impairment and 
balance disturbances that wax and 
wane, yet continue in a progressive 
fashion* Despite the vexing nature of 
this illness, studies have led to a better 
understanding of the fluid homeostasis 
within the inner ear and the anatomical 
sites responsible for its maintenance* 
Studies of temporal bone pathology 
have suggested possible viral, immu- 
nologic, allergic, hormonal and 
environmental causes for this disease* 
While animal models have been devel- 
oped which show some of the histologic 
features seen in the human condition. 
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no model has been found which simu- 
lates recurrent attacks described in 
this patient population. A number of 
longitudinal, controlled studies on 
the medical and surgical treatment 
for this condition have been reported, 
however, no treatment has been shown 
to improve or stabilize the hearing in 
these patients. Furthermore, there is 
a disturbing tendency for this disease 
to become bilateral (20 to 40 percent). 
Therefore, there is a critical need to 
discover the cause of this condition 
and to develop treatment strategies 
to prevent the late sequelae of this 
relentless illness. 

Bacterial, fungal or viral infec- 
tions including acquired immuno- 
deHciency syndrome (AIDS) can 
cause sensorineural hearing loss. 
Bacterial and viral infections may 
cause sensorineural hearing loss by 
spreading from the middle ear or 
mastoid cavity into the inner ear or 
may spread into the inner ear from the 
subarachnoid space as in meningitis. 

Viruses have also been implicated 
in sudden deafness. Patients with 
AIDS may have hearing loss from the 
AIDS virus itself or from other patho- 
gens, including viral and fungal agents 
that cause opportunistic infections. 

The immune system is not only 
an important factor in the defense of 
the ear against infections, but it also 
may be involved in hearing loss in 



autoimmune diseases and other types 
of immune-mediated hearing loss. 
These include systemic diseases 
such as polyarteritis nodosa, Cogan’s 
syndrome and lupus erythematosus, 
in which the inner ear may become the 
target organ of antibodies or become 
damaged by the resultant inflammatory 
process. Research is needed in the 
diagnosis and the treatment of these 
disorders. Special opportunities exist 
to study these problems because of new 
technok 3y derived from molecular 
biology and immunology. The role that 
allergic processes play in the cause of 
hearing impairment has been suggested 
but requires further study to establish 
its relationship. 

A variety of tumors may result 
in a sensorineural hearing loss. One 
of the most frequent tumors is acoustic 
neurinoma (vestibular Schwannoma), 
the most common tumor in the poste- 
rior cranial fossa. Both benign tumors 
and malignant tumors, such as squa- 
mous cell carcinoma and chemodec- 
tomas, may affect the temporal bone. 
Further studies of the natural history, 
genetics, factors controlling growth 
and treatment, including chemo- 
therapy, radiation therapy and 
surgery, are needed. For example, 
the recent application of the gamma 
knife and laser surgery to the removal 
of acoustic neurinomas should be 
studied to evaluate the efficacy of 
these new therapeutic approaches. 
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During the last decade, 
important progress has been made 
in understanding how hearing loss 
may be caused by environmental 
factors such as noise, drugs and toxins* 
For the first time, rational hypotheses 
have been advanced for the mechanisms 
underlying hearing loss induced by 
aminoglycoside antibiotics, leading 
the way to the design of protective 
measures and drug modification. 

The understanding of inner-ear 
damage by diuretics has allowed 
the development of preventive 
pharmacologic strategics to be 
successful in animal models* 

The mechanisms by which 
intense noise affects the inner ear 
are better understood* Advances 
include novel and important informa- 
tion about the effects of noise on the 
cochlear microcirculation, fluid hom- 
eostasis and mechanical properties 
of the sensory cells* These advances 
provide an excellent basis for future 
research to elucidate the molecular 
mechanisms underlying environmen- 
tally induced hearing deceits and 
strengthen the hope of finding means 
to prevent or ameliorate these forms 
of hearing impairment* 

Inner ear, auditory nerve and 
brain stem degeneration probably 
contribute to the hearing disorders 
seen in aging persons* In most cases, 
no discrete cause can be found* 



In these instances, the term preshy^ 
cusis is used* Noise exposure, both 
occupational and nonoccupational, 
is often partially responsible for the 
inner-ear damage observed* Some 
people are genetically predisposed to 
premature loss of hearing* Systemic 
illnesses such as atherosclerosis and 
diabetes are poorly assessed as risk 
factors for hearing loss in aging* 

The prevalence of presbycusis 
has been reasonably well documented, 
but future population-based studies 
are needed to identify more clearly 
risk factors, including moderate 
(especially nonoccupational) noise 
exposure, smoking, diet and systemic 
disease* These studies should go 
beyond pure-tone audiometry to 
include measures of speech perception 
performance and other high-level 
auditory processes* Family studies can 
help elucidate the genetic component* 
Finally, epidemiologic studies should 
explore the impact of presbycusis on 
affected persons and on society* 

Unfortunately, there are many 
disorders of the inner ear for which 
the cause is unknown* These include 
disorders as perilymphatic fistula, 
noises in the ear or head (tinnitus) 
and Meniere’s disease* There is a 
critical need to elucidate the patho- 
genesis and develop treatments for 
these puzzling disorders* 
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Otitis Media, Otosclerosis and 
Other Middle-Ear Disorders 

Otitis Media 

Otitis media is the most common 
treatable disease of infants and young 
children and the most frequent cause 
of fluctuating hearing loss. Three- 
fourths of the children bom each 
year experience at least one episode 
of otitis media by their third birthday, 
and one-third have repeated bouts of 
otitis media. The disease necessitates 
frequent health care visits for the child 
and parents, with an enormous impact 
on family lifestyle and parent work 
productivity. The economic impact of 
this disorder for families with young 
children is extraordinary; estimated 
annual health care costs for otitis 
media in the United States are $3.5 
billion. Furthermore, some of the 
children who experience frequent 
otitis media during early childhood 
experience difficulty in speech and 
language development and some have 
lifelong hearing impairment. These 
sequelae compound the economic 
and societal costs of otitis media. 

Remarkable advances have 
occurred in improving the understand- 
' ing of the epidemiology, natural history 
and pathophysiology of otitis media. 
This progress is being translated into 
improved methods of prevention* 



diagnosis and treatment. New tech- 
niques of molecular and cellular 
biology and genetics are being applied 
to elucidate underlying mechanisms 
that predispose children to the entire 
spectrum of middle-ear inflammatory 
disorders grouped within otitis media. 

Otosclerosis and Other 
Middle-Ear Disorders 

Otosclerosis is one of the most 
common causes of progressive, adult- 
onset hearing loss, ai^ecting one in 
100 persons. It is a localized disorder 
of bone remodeling within the middle 
and inner ears. Recent advances in 
genetics, molecular biology and 
ultrastructure have improved the 
understanding of this disease, how- 
ever, its exact cause is still unknown. 

Middle-ear structures collect 
environmental sound and transmit 
it to the inner ear. An understanding 
of middle-ear m?cromechanics is essen- 
tial to the development of improved 
middle-ear implants and implantable 
hearing aids. 

Assessment, Diagnosis, Treatment 
and Rehabilitation 

The identification and assess- 
ment of hearing impairment and the 
diagnosis of specific disorders involve 
collaboration among primary care 
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physicians, otolaryngologists, audio- 
logists and geneticists. The procedures 
in current use include measurement 
of auditory thresholds, determination 
of the acoustic properties of the exter- 
nal and middle ears, measurement 
of speech recognition thresholds, 
quantification of the acoustic reflex 
threshold, measurements of otoacoustic 
emissions and recording of the electri- 
cal activity of the brain in response to 
sound. Assessment and diagnosis are 
precursors to treatment and essential 
to the determination of treatment 
efficacy. 

During the past decades, major 
progress has been made in the medical 
and surgical treatment of some hearing 
impairments. For the hearing impair- 
ments that cannot be alleviated by 
medical or surgical treatment, there 
is a rich array of rehabilitative inter- 
vention. This intervention has two 
basic components: prosthetic manage- 
ment and auditory rehabilitation. 
Prosthetic management seeks to 
provide access to sound patterns by 
me ins of hearing aids, cochlear implants, 
tactile aids, visual speech training 
aids and other sensory aids. Auditory 
rehabilitation involves training to 
accelerate adaptation to novel 
sensory inputs; develop auditory 
(and nonauditory) perceptual skills; 
enhance the integration of inputs 
from different modalities, such as 
vision and hearing; and create an 
emotional state that is optimally 
conducive for communicating. 



For children with hearing 
impairment of sufficient severity to 
prevent or impair the spontaneous 
development of spoken language, 
intervention and management go 
well beyond prosthetics and auditory 
rehabilitation. The development of 
the basic cognitive and language skills 
on which subsequent development 
and education depend is addressed 
in depth in the 1991 update of the 
Language and Language Impairments 
section of the National Strategic 
Research Plan. 



Recent 

Accomplishments 

Basic and clinical investigators 
in hearing and hearing impairment 
are undertaking research in many new 
directions. They are exploiting past 
accomplishments and taking advan- 
tage of the tools and insights offeied 
by recent progress in neuroscience, 
cellular biology, immunology, molecu- 
lar biology, genetics and computer 
technology. Progress in understanding 
the mechanisms of normal hearing is 
accelerating. However, transferring 
new knowledge into clinical 
applications is not occurring at 
a comparable rate. 

The relatively slow rate of 
applying new knowledge to the prob- 
lems of patients is due to many factors: 
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the difficulty of the problems, the 
incomplete state of knowledge in the 
basic sciences, the lack of appropriate 
tools and models and the shortage 
of investigators bridging basic and 
applied areas. There is a severe 
shortage of clinical investigators 
who are conversant with the state- 
of-the-art research methods and 
their applicability to relevant 
clinical issues. 

Hearing 

Transduction and Homeostasis 

Many insights into the function 
of the cochlea have been derived 
recently from in vivo and in vitro 
studies. Considerable progress is 
being reported in the measurement 
of cochlear blood flow and the study 
of its regulation. Studies of the compo- 
sition, production, circulation and 
absorption of endolymph (the fluid 
in the membranous inner ear) are 
providing insights into the regulation 
of the properties of this unique fluid as 
well as the effects of these properties 
on transduction. Immunohistologic 
techniques have been employed and 
allow for an in-depth characterization 
of the inner ear. New research has 
shown that changes in hearing are 
associated with the loss of outer hair 
cells. Scientists have learned more 
about stereocilia and how they are 
physically linked at their tips and 
participate in frequency selectivity 
or tuning. 



In vitro studies of isolated hair 
cells have led to a greater understand- 
ing of the biophysics of mechanoelec- 
trical transduction and of ion channels 
in hair cell membranes. Progress 
has been made in the molecular and 
functional characterization of the 
structural and contractile proteins 
of stereocilia, hair cells and the 
cuticular plate. This knowledge 
contributes to a better understanding 
of how stereociliary stiffness and hair- 
cell micromechanics are modulated. 

Important progress has been 
made in understanding fast and slow 
motility of the outer hair cell. Stimulus 
and response characteristics have 
been detailed and provide clues about 
the function of these mechanisms 
in vivo . Biochemical studies have 
revealed the presence second 
messenger molecules in outer hair 
cells, which may play a role in their 
slow motile mechanisms. Modern 
immunohistochemical techniques 
have shown the presence of more 
than one neurotransmitter at hair- 
cell synapses and are being used to 
identify the proteins associated with 
ion channels. Characterization of the 
membrane properties of sensory and 
neuronal elements using in vitro bio- 
physical approaches is beginning to 
provide an understanding of the 
molecular basis of auditory function. 
For example, the ion-channel basis 
of electrical resonance has been 
elucidated in hair-cell membranes 
of several species. Ultrastructural 
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studies have revealed details about the 
contact zones between outer hair cells 
and efferent nerve fibers. In addition, 
cells and tissues from the inner ear can 
be grown in tissue culture and hence 
are available for in vitro studies. 

Recent studies of basilar- 
membrane motion and receptor 
potentials in the intact animal have 
led to a finer appreciation of the 
active process responsible for cochlear 
frequency selectivity. In certain 
species, including the human, the 
hearing organ generates sound 
spontaneously or in response to 
acoustic stimulation. In humans, 
these otoacoustic emissions are 
produced by outer hair cells and 
have great promise for practical diag- 
nostic use to identify hearing loss. 

Sound Processing in the Brain 

Auditory nerve fibers connect- 
ing hair cells to the cochlear nucleus 
in the brain stem have been identified 
with intracellular marking techniques. 
New information is also available 
concerning the transformation of 
auditory nerve input in the cochlear 
nucleus. The membrane properties of 
some of these cochlear nucleus cells 
have been analyzed with in vitro tech- 
niques that allow the manipulation 
of the electrical and chemical environ- 
ment and subsequent intracellular 
staining to elucidate cell morphology 



including the arborization of the 
entire axon. There has been sub- 
stantial additional progress in 
understanding the encoding of 
complex signals transmitted from 
the auditory nerve to the cochlear 
nuclei. The relationship between the 
neural code for sound intensity, fre- 
quency and temporal characteristics 
and the perception of these stimulus 
variables has been further clarified. 
Chemical neuroanatomical studies 
have successfully used immuno- 
c3rtochemical, neurochemical, 
neuropharmacologic and molecular 
techniques to identify many of the 
neurotransmitters and receptors 
involved at specific synapses in struc- 
tures throughout the auditory neural 
axis, especially with respect to the 
cochlear nuclei and the efferent 
feedback to the inner ear. The mapp- 
ing of transmitter-receptor subtypes 
in the central auditory system has 
been initiated. 

Research conducted in the 
central nervous system has produced 
exciting new findings. Progress has 
been made in understanding the struc- 
ture and function of efferent feedback 
pathways to the inner and middle ears. 
There is now good evidence that both 
systems aid in the detection of signals 
in noisy environments, and there is 
the possibility that both may serve to 
protect the ear from acoustic injury. 
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Changes in the central 
nervous system have been described 
in response to enriched and deprived 
acoustic environments. New insights 
have been generated with respect to 
how the brain performs complex com* 
putations to create maps of auditory 
space and how these maps interact 
with visual space. 

Auditory Perception 

Recent research in auditory 
psychophysics has produced a set of 
working models of auditory perception 
that far exceed the bounds of the 
simple *^energy detector** models 
of hearing in general use. Research 
under way in a variety of areas is 
providing remarkable advances in 
the understanding of how human and 
non*human listeners make sense of the 
auditory world around them, that is, 
how they assign identities and sources 
to the sounds they perceive and how 
they recognize the communication 
sounds of single and multiple speakers. 
This research provides the essential 
link that will enable the application 
of advances at the molecular, anatomic 
and physiologic levels to the design of 
improved auditory prosthetic devices. 

There have been a number of 
exciting recent advances in the linking 
of psychoacoustical and physiological 
research. Behavioral measures of 



frequency selectivity have been 
developed that allow comparison with 
electrophysiologic measures of audi- 
tory tuning. These measures can now 
be used to characterize normal and 
impaired hearing, and the potential 
exists for the diagnostic application 
of such measures. Perceptual evidence 
of the role of various populations of 
auditory nerve Hbers in coding sound 
intensity has recently been obtained. 
The influences of adaptation and 
active cochlear processes on per- 
ception have been elucidated in 
psychophysical tasks. 

Increased understanding of 
the perception of spectral shapes and 
the ability of the ear to distinguish 
changes in shape from changes in 
intensity have been achieved. Spectral 
shape cues are used to distinguish 
many classes of speech sounds and 
contribute to auditory localization. 
Studies on the role of across frequency- 
band enhancement and interference 
eltfects on the detection and localiza- 
tion of sounds are providing improved 
understanding of complex *^real-world** 
auditory perception. 

New approaches are being used 
to characterize auditory localization 
by humans. Sounds presented over 
headphones can now provide the per- 
ceptions found in real auditory space, 
particularly when head movements 
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are accounted for. These results 
provide new possibilities for present- 
ing sounds in simulated situations 
and through prosthetic devices. 

Increased study of the role 
of perceptual learning, selective 
attention, auditory memory and 
streaming in the formation of auditory 
percepts has contributed to the under- 
standing of how we attend to multiple 
sound sources in complex acoustic 
environments. 

Regeneration of Sensory Cells 

Decades ago, it was shown that 
production of sensory cells in the ears 
of mammals ceases before birth. This 
finding confirmed that sensory cells 
are produced only during embryonic 
development and meant that damage 
to sensory cells later in life was 
irreparable. This fact is the basis 
for considering sensory hearing 
impairment as a permanent and 
irreversible condition. 

It is now known that sensory 
cells are continually being added to 
the functional populations of cells 
in the ears of cold-blooded animals. 
Even more recently, it was shown 
that sensory cells can be regenerated 
in damaged cochlear epithelia in 
juvenile birds in which the production 
of these cells normally ceases early 
in embryonic development. This 
regenerative potential has been 



confirmed in several species and is 
not limited to immature animals. The 
results have provided an opening to 
understanding and perhaps manipulat- 
ing the growth of human sensory cells. 

Hearing Impairment 

Hereditary Hearing impairment 

The genes causing a number 
of syndromes that involve hearing 
impairment have now been mapped. 
Recent accomplishments include the 
mapping of an Usher syndrome (deaf- 
ness, vestibular loss and blindness 
due to retinitis pigmentosa) type 2 
gene to the long arm of chromosome 
1 and a gene for Waardenburg syn- 
drome (deafness and pigmentary 
and integumentary changes) type 1 
(WSl) to the long arm of chromosome 2. 
More than one gene is involved in both 
of these syndromes. At the same time, 
considerable effort is being expended 
to isolate the two genes that have 
been mapped. Coi^ v^^rative mapping 
suggests that WSl is homologous to 
the Splotch gene in the deaf mouse. 

Analyses of a large Costa Rican 
family in which many members have 
progressive low frequency hearing 
loss recently allowed the mapping of 
a gene for an autosomal dominant 
nonsyndromic form of hearing impair- 
ment to the long arm of chromosome 6. 
Other families with similar audiometric 
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findings can now be tested to deter- 
mine whether the same gene causes 
their impairment* 

At least 28 X-linked (sex-linked) 
disorders involve hearing loss* Recent 
accomplishments include precise 
location of the gene causing albinism- 
deafness and tentative evidence of 
more than one X-linked gene for clini- 
cally identical forms of progressive 
mixed deafness* The gene for Alport 
syndrome has been located to the same 
region as one of the collagen genes 
(COL4A5)* Further studies of several 
individuals with Alport syndrome 
suggest that mutations in the collagen 
gene cause this syndrome* It is of 
interest to note that hearing loss is 
associated with other syndromes 
caused by collagen defects^ such as 
Stickler syndrome (COL2A1) and 
one form of osteogenesis imperfecta 
(COLIAD* 

The development of human and 
animal cochlea-speciHc cDNA libraries 
is proceeding rapidly* 

Acquired Sertsorineural Hearing Loss 

The role of genetic factors in 
disease processes that would otherwise 
be considered acquired has been 
underscored by the recent demon- 
stration of a genetically controlled 
mitochondria defect which predis- 
poses to aminoglycoside ototoxicity* 



Similarly, mouse models of 
genetically induced sensorineural 
hearing loss of late onset may provide 
a better understanding of the genetic 
predisposition to presbycusis* The 
recent elucidation of the nature of 
a variety of afferent and efferent 
neurotransmitters will provide better 
understanding and possible therapy 
for sensorineural hearing loss* For 
example, the discovery of a variety 
of oncogenes associated with various 
tumors holds promise for better under- 
standing of the development and 
growth of acoustic neurinomas and 
other tumors of the temporal bone* 

New insights into the prevention and 
treatment of ototoxicity may result 
from studies of pharmacologic block- 
ing of ototoxic actions of various 
drugs* Abetter understanding of 
how ototoxic metabolites may cause 
damage to the cochlea may provide 
new insights into prevention and 
treatment of this problem* 

Application of new immuno- 
biologic techniques will provide an 
understanding to the normal and 
disrupted immune mechanisms 
responsible for damage to the inner 
ear in immune-mediated disorders* 
Recent evidence suggests that some 
individuals with progressive deafness 
have autoantibodies directed against 
inner-ear proteins* These studies open 
up avenues for the diagnosis of treat- 
able forms of sensorineural hearing 
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loss* Better techniques to diagnose 
perilymphatic fistulae might emerge 
from the findings of recent studies, 
suggesting a specific inner-ear protein 
may be detectable in perilymph that 
is not found in serum, cerebrospinal 
fluid or middle-ear fluid* 

Recent developments of animal 
models for bacterial and viral infec- 
tions, such as bacterial labyrinthitis, 
congenital cytomegalovirus infection 
and other viral infections holds 
promise for the development of new 
diagnostic and treatment modalities 
for sensorineural hearing loss caused 
by infections* In particular, recent 
developments in antiviral therapy 
hold promise for the treatment of 
inner-ear viral infection* Studies of 
biochemical factors including enzymes 
and the susceptibility of developing 
animals to ototoxic drugs will help 
clarify the unique susceptibility of 
the immature human to ototoxic drugs* 

otitis Media, Otosclerosis and 
Other Middle-Ear Disorders 

OtitisMedia 

The most common cause of 
hearing loss in children is otitis 
media* Primarily a disease of infants 
and children, otitis media produces 
sequelae that may affect hearing 
later in life* 



During the past three years, 
there has been important progress 
in understanding the epidemiology 
and pathophysiology of otitis media, 
and this progress has led to advances 
in prevention and treatment* This 
research has led to new questions 
and has revealed pathways for more 
detailed investigation* 

Research in epidemiology and 
natural history indicates that otitis 
media forms a continuum of clinical 
and pathologic entities from acute, 
self-limited disease to chronic forms 
with destruction of middle-ear struc- 
tures* Many persons affected with 
otitis media do not display clinical 
symptoms and ordinarily would go 
undetected* Several risk factors for 
acute otitis media and otitis media 
with effusion have been identiRed 
using multivariate models, and a 
genetic basis for otitis media has 
been suggested* 

Research on eustachian-tube 
and middle-ear physiology and 
pathophysiology has provided new 
information on a surfactant-like 
substance, mucociliary clearance, 
neural connections between the 
middle ear and brain stem, tubal 
muscles, tubal compliance and 
effects of pharmacologic agents and 
adenoidectomy on tubal function* 
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Anatomic, pathologic and 
cellular biologic research has revealed 
the importance of cellular regulation 
and differentiation and receptor 
expression in the pathogenesis of 
otitis media. Developmental changes 
in tubotympanic anatomy have been 
recorded, and ultrastructural changes 
of the tubotympanum have been 
studied in normal and several patho- 
logical conditions. The application 
of immunocytochemistry to the study 
of the pathogenesis of otitis media 
has led to characterization of l^lament 
proteins, neuropeptides, oxidative 
enzymes, immunocompetent cells 
and inflammatory mediators. 

In addition, cellular patterns of 
middle-ear alteration, including 
epithelial metaplasia and migration 
and bone-cell activation, have been 
identified. 

Microbiological, immunolog- 
ical and biochemical research has 
yielded additional evidence that 
upper-respiratory viral infections 
contribute to a high proportion of 
acute episodes of otitis media. The 
importance of the interaction between 
respiratory viruses and bacterial 
infection in the pathogenesis of otitis 
media has been revealed by human and 
animal studies. Research at molecular 
and cellular levels has begun to charac- 
terize cell-membrane receptors for 
bacteria causing otitis media and to 
reveal the contribution of bacterial 
cell-envelope products in middle-ear 



inflammation. Evidence suggests that 
the middle-ear immune response can 
be manipulated by donor T-lympho- 
cytes from animals presensitized by 
oral antigen. Research has suggested 
that the presence or absence of an 
impaired immune response to certain 
bacterial antigens may allow 
differentiation between otitis 
media-prone and normal children. 

Improving the immunogenecity 
of pneumococcal polysaccharide 
antigens and identification of common 
nontypable Haemophilus influenzae 
antigens have been primary goals in 
vaccine development for prevention 
of otitis media. The development, 
licensing and widespread use of 
Haemophilus influenzae type b 
polysaccharide-protein conjugate 
vaccines beginning in infancy is 
causing a major reduction in bacterial 
meningitis, which is an important 
cause of acquired sensorineural 
deafness. 

Important progress has been 
made in the biochemical and molecular 
characterization of middle-ear inflam- 
mation including the role of bacterial 
products and host responses. Molecu- 
lar studies have explored the bacterial 
genome that is related to adherence 
and antibiotic resistance. 

Clinical research has yielded 
important progress in the screening 
and diagnosis of otitis media and has 
improved the medical and surgical 
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management of otitis media. Advances 
in tympanometry have resulted in 
improved terminology and objective 
parameters. Bacterial surveillance 
has revealed changing patterns of 
bacterial resistance among the micro- 
organisms that cause otitis media. 

The pharmacology of antibiotics used 
in the treatment of otitis media and 
their distribution into and out of the 
middle ear have become the subjects 
of intense investigation. Surgical 
prophylaxis and chemoprophylaxis 
of recurrent acute otitis media have 
been explored in several recent studies. 

Otosclerosis and Other 
Middle-Ear Disorders 

The understanding of otoscler- 
osis and other types of conductive 
hearing losses due to infection or 
trauma has advanced in recent years. 
Using immunohistochemical and 
ultrastructural techniques, viral 
antigens of rubella and rubeola have 
been identiHed in otosclerotic tissues. 
These Hndings suggest that childhood 
viral infections may play a role in the 
genesis of otosclerosis. Recent ultra- 
structural studies have further 
elucidated this unique disorder 
of localized bone remodeling. 

Advances have occurred in 
the development of biocompatible 
implants for the replacement of 
middle-ear ossicles. Additionally, 
there has been progress in the develop- 
ment of implantable or partially 
implantable hearing aids. 



Assessment, Diagnosis, Treatment 
and Rehabilitation 

Considerable pro^ *ess has 
been made in the technoi; t>gy of hearing 
aids and auditory prostheses. Digital 
and programmable hearing aids with 
vastly increased potential for signal 
processing are being developed 
and ntted clinically. Programmable 
hearing aids permit much more precise 
ntting of hearing aid characteristics 
on the basis of individual needs than 
is possible with nonprogrammable 
hearing aids. In addition, a variety of 
noise-reduction schemes are being 
incorporated into hearing aids, 
ranging from those that vary the 
frequency response as the background 
noise spectrum and level change to 
those that process the outputs of 
arrays of microphones. 

The multichannel cochlear 
implant has become a widely accepted 
auditory prosthesis for both adults 
and children. The vast majority of 
adult implant recipients derive 
substantial benefit in conjunction 
with speechreading, and many can 
communicate effectively without 
speechreading. Some implanted 
children, including the prelingually 
deaf, derive substantial beneHt, 
particularly with continued use. 

New sound processing techniques 
based on high-rate, nonsimultaneous 
(interleaved), pulsatile stimulation 
have been shown to improve the 
effectiveness of cochlear implants. 
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A neural prostheses for insertion into 
the cochlear nucleus of the brain stem 
has provided encouraging levels of 
speech reception in individuals who 
have had bilateral destruction of the 
nerves of hearing caused by bilateral 
acoustic neurinomas or head trauma. 

Studies of methods of tactual 
communication used by deaf and 
blind persons demonstrate the capac- 
ity of the skin and the proprioceptive 
system to provide a secure basis for 
the development of tactile aids. Such 
aids could serve as effective alterna- 
tives to powerful hearing aids and 
auditory prostheses. 

Recent accomplishments in 
the area of auditory rehabilitation 
include use of computer-controlled 
video and audio laser disc systems for 
fully or semi-automated instruction^ 
development of connected discourse 
tracking procedures for speech read- 
ing instruction^ efficient enhancement 
of speech perception and increased 
understanding of the contributions 
of context and prior knowledge to the 
perception of spoken language from 
impoverished sensory input. 

The areas of assessment 
and diagnosis have benefited from 
numerous developments in recent 
yearS) including development of 
noninvasive methods for measure- 
ment of the acoustical properties 
of the external and middle ears 
(acoustic immittance)) that permit 



precise assessment and diagnosis of 
middle-ear disorders and disorders 
of discrete portions of the central 
auditory pathways^ computer-based 
techniques for assessment of sound- 
evoked electrical activity in the 
cochlea (electrocochleography) 
and in the brain (auditory brain stem 
and cortical responses) and discovery 
and exploitation of spontaneous and 
induced emissions of sound from the 
inner ear (otoacoustic emissions). 
Measurements of otoacoustic emis- 
sions holds great promise for precise 
evaluation of defects within the inner 
ear and early identiRcation of hearing 
impairments in infants. 



Program Goals 



Research to alleviate hearing 
impairment has yielded impressive 
results and promises to provide 
greater insight into how hearing disor- 
ders may be treated more effectively. 

The prevention^ diagnosis^ 
treatment and rehabilitation of 
hearing disorders depend on the 
identification of the disease process^ 
an understanding of its underlying 
basic mechanism and the development 
of effective intervention and rehabil- 
itation strategies. Success in these 
endeavors requires close integration 
of research on hearing and hearing 
impairment. 
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An increasing number of new 
and evolving technologies will be 
applied to the elucidation of normal 
hearing processes, particularly those 
concerned with how speech and other 
biologically meaningful sounds are 
understood. 

Further understanding of the 
mechanisms of normal hearing and 
hearing impairment rests on the 
synthesis of numerous 1 ctors: from 
understanding the physics of sound 
and the ear, through identifying 
molecular events at the cellular and 
subcellular levels, to analyzing the 
processing of sound information in the 
auditory nervous system and learning 
how these activities and interactions 
result in the perception of sound and 
the understanding of speech. 

A multidisciplinary approach 
to the study of hearing is required to 
interpret these complex processes. 

In fact, improved understanding of 
hearing mechanisms have resulted 
from the integration of strategies and 
technologies from a wide variety of 
fields. As this research is validated 
by ongoing investigation, clinical 
applications are being developed 
to enhance patient care. 



Progress in key areas offers 
special opportunities to enhance 
prevention, diagnosis and treatment 
of many of the disorders that cause 
hearing loss and deafness. Pursuit of 
these opportunities will reduce the 
incidence and prevalence of hearing 
impairment. 

Research in hearing and hear- 
ing impairment requires a multi- 
disciplinary base and accelerated 
integration of basic knowledge with 
clinical needs. The broad objectives of 
the hearing and hear ing impairment 
research program include the study of 
normal mechanisms and disorders that 
disrupt auditory function. 

Goals of research on hearing 
should include: 

o Determination of how the ear 
processes and encodes sound. 

o Determination of how the cen- 
tral nervous system processes 
the output from the ear. 

o Determination of how central 

nervous system processing leads 
to perception and behavior. 

o Characterization of the life cycle 

(development, maturation and 
aging) of the normal auditory 
system. 
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Goals of research on hearing 

impairment should include: 

o Development of population 

studies to determine and track 
the incidence, prevalence and 
risk factors of hearing impair- 
ment and ear disease. 

o Initiation of multidisciplinary 

studies to determine the patho- 
genesis of speciHc hearing 
disorders and ear diseases. 

o Mapping, isolating, cloning, 

sequencing and characterizing 
the genes responsible for hear- 
ing impairment. 

o Performance of clinical trials to 

establish the efficacy of existing 
and new treatments for hearing 
impairment and ear disease. 

o Development and improvement 

of devices and rehabilitative 
strategies to assist people with 
hearing impairment and 
tinnitus. 

o Development of professional 

and public educational strategies 
to prevent hearing impairment 
and ear disease. 



Research with 
Multicultural 
Populations and Women 

The range of scientific and 
clinical concerns encompasses the 
pluralistic character of society, as 
well as the demographic projections 
for the nation. Whereas minority 
groups suffer from the same types of 
hearing imjpairments as nonminority 
groups, there are some pertinent 
differences in prevalence, causes 
and manifestations of communica- 
tion disorders that merit research. 
There is a need for epidemiologic 
information on the incidence, preva- 
lence and risk factors of hearing 
impairments in multicultural popu- 
lations. Otitis media has a higher 
incidence in American Indians and 
Alaskan Natives and a lower incidence 
in African Americans thon in the 
population at large. Although various 
explanations have been offered, rang- 
ing from cross-racial differences in 
eustachian-tube structure and func- 
tion to differences in general health 
status, there is no deHnitive evidence 
for these explanations. There is some 
evidence that African Americans 
may be less susceptible to hearing 
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loss from noise exposure than other 
racial groups, although additional 
research is needed to substantiate 
this observation* The elderly 
African-American population has 
a lower prevalence of tinnitus than 
the elderly population at large. 

The reasons for these differences 
are not known* There is a need for 
further research on the impact 
of socioeconomic, educational 
and cultural factors on hearing 
impairment* 

Research is needed on multi- 
lingual factors that have an impact 
on speech perception* For example, 
the effect of hearing impairment on 
speech understanding may be greater 
for individuals who are raised in 
bilingual environments than in 
environments where only English 
is spoken* There are no known racial 
differences in terms of the basic mech- 
anisms involved in encoding and pro- 
cessing of sound* Some diseases of 
the ear may vary between the sexes* 
Otosclerosis, for instance, has a 
greater prevalence in females, 
whereas some studies suggest that 
males are more likely to develop 
Meniere’s disease* The reasons for 
these gender differences in suscept- 
ibility to certain ear diseases are 
not known* 



Research 
Opportunities, 
Strategies and 
Priorities 

The understanding of any 
disease or impairment requires basic 
knowledge about how the affected 
system functions in its normal state* 

In search for this knowledge, auditory 
scientists have recently made some 
fundamental discoveries* Exploitation 
of these discoveries during the next 
few years promises to provide essential 
new information about how the auditory 
system is organized and functions* 
Areas that offer particularly strong 
opportunities for progress arc 
discussed below* 

Hearing 

Transduction and Homeostasis 

Mechanoelectrical 
Transduction Mechanism 
of Hair Cells 

The key step in the function 
of the ear is the transduction of 
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mechanical stimuli into electrical 
responses that can be synaptically 
forwarded as neural impulses to the 
brain* Several lines of experimental 
evidence indicate that inner hair 
cells effect this function by a unique 
transduction process in which stimuli 
directly gate the opening and closing 
of mechanically sensitive ion channels* 
This direct mechanism of transduction 
raises the possibility of reciprocal 
interactions between a hair cell’s 
electrical response and the mechanical 
properties of the cochlea* The use of 
solid-state microfabrication tech- 
niques, lasers, optical methods and 
other technologies offers the possibil- 
ity of constructing probes for direct 
examination of the mechanical 
changes in the hair bundle during 
transduction and during adaptation 
to protracted stimuli* Similar tech- 
niques may also be used to make 
accurate measurements of the basilar 
membrane’s properties and of the 
possible influence of hair bundles 
on basilar-membrane mechanics* 

Role of Outer Hair Cells in 
Amplification and Tuning 

The mammalian auditory 
system is an exquisite discriminator 
of the qualities of sound* Over the past 
several years, a wealth of information 
has accumulated which indicates that 



the basis of such acute frequency 
selectivity resides in the outer hair 
cells* Outer hair cells appear to enhance 
the mechanical input to the inner hair 
cells, the cells mainly responsible for 
the transduction of acoustic stimuli* 
Three plausible underlying mecha- 
nisms of this enhancement have been 
identified in the activity of the outer 
hair cells* These include fast voltage- 
dependent motility, slow metabolically 
dependent motility and interactions 
between stereocilia and the tectorial 
membrane* 

At the system level, the eluci- 
dation of the contributions of each 
mechanism to enhanced transduction 
is a fundamentally important goal* 
While much basic information has been 
gathered either through modeling or 
in vitro approaches, the signiHcance 
of these mechanisms in the intact, 
in vivo system must be addressed* 
There is a need to determine whet 
her these mechanisms are capable of 
influencing cochlear micromechanics 
in the high-frequency region, where 
enhancement of tuning is acknowl- 
edged to be substantial* Modern 
techniques capable of measuring 
alternating-current and direct- 
current basilar-membrane motion 
in the high-frequency region are 
particularly useful, as are measures 
of otoacoustic emissions* However, 
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strategies must be developed that 
transcend mere confirmation of the 
outer hair cells^ importance in feed- 
back schemes* There is a need to 
appraise contributions from each of 
the potential enhancement mecha- 
nisms of outer hair cells. In particular, 
the experimental exploitation of 
known temporal differences among 
the three mechanisms may be 
worthwhile. 

On the cellular level, an 
understanding of the molecular 
mechanisms governing these outer- 
hair-cell mechanical phenomena is 
of special interest and will aid in the 
determination of microenvironmental 
factors which influence frequency 
discrimination* A notable example 
is the observation that cell turgor 
affects outer-hair-cell fast motility. 
There is little doubt that continued 
study of the outer hair celFs effector 
role, using both in vitro and in vivo 
approaches, will lead to a better 
understanding of normal and 
abnormal cochlear function* 

Afferent Synaptic 
Signaling by Hair Cells 

The abilif to locate sounds in 
space relies on the precise encoding 
of responses to sounds arriving at 
both ears. To account for the observed 
ability to locate sounds, the afferent 
synapses that relay information from 
hair cells to auditory nerve fibers 
must operate with an unusually high 



temporal resolution. These synapses 
are morphologically unique, both in 
their presynaptic specializations and 
in their large number of postsynaptic 
elements. Appropriate physiologic 
experiments, especially those on new 
experimental preparations including 
pre- and postsynaptic elements, are 
needed to document and analyze the 
synapses^ operation* 

Pharmacologic, physiologic 
and molecular studies are needed to 
elucidate the nature of the afferent 
transmitter, the enzymes of its synthe- 
sis and the mechanism of its release* 

At the postsynaptic level, receptors 
and their subtypes should be identiHed 
as well as the ensuing physiological 
and biochemical processes* It is essen- 
Ual to focus on the characteristics of 
ion channels, G-proteins and second 
messengers associated with these 
receptors* Furthermore, biochemical 
modulation of pre- and postsynaptic 
processes need to be elucidated* The 
results will aid in the understanding 
of synaptic function and of coding in 
the eighth nerve* 

Molecular Structure of 
Auditory Receptor Organs 

The unique structure of the 
hearing organ is the basis for its 
function as a mechanotransducer* 

It encompasses elements that provide 
structural support for the receptor 
cells, the substrate for transduction 
and motility, and regulate the intra- 
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cellular milieu. The integrity of these 
structural elements is essential both 
in transduction proper in inner hair 
cells and in regulatory feedback in 
outer hair cells. Past research has 
delineated many of the cellular and 
subcellular components of the struc- 
ture that are responsible for normal 
and abnormal auditory function. 
Permanent losses of hearing sensitiv- 
ity can result from small fractures at 
the bases of the stereocilia caused by 
exposure to intense sound. Although 
several of the component molecules of 
the stereocilia have been identiRed^ 
many other stereociliary constituents^ 
which are essential for hearing and 
probably unique to the inner ear, 
are as yet unidentified. 

The mechanoelectrical trans- 
duction channels, the afferent synaptic 
bodies and the components of the 
subsurface cistemae of hair cells are 
other examples of unique but bio- 
chemically unidentified structural 
elements of the hearing organ. 

If there is to be an understanding 
of the molecular substrate of hearing, 
constituents that have been isolated 
by immunologic and electrophoretic 
methods need to be identified and 
functionally characterized. That 
knowledge is fundamental to theoret- 
ical frameworks for the development 
of new drug therapies that could be 
applied to such conditions as tinnitus 
and Meniere’s disease and in the pro- 
tection of the auditory system from 
damage induced by intense sound, 



ototoxic antibiotics and anticancer, 
chemotherapeutic agents. 

Homeostatic Mechanisms 
in the Cochlea 

Homeostatic mechanisms in the 
cochlea are processes that generate 
and maintain the natural environment 
in which transduction takes place. 
Supporting tissues and structures, 
such as the stria vascularis, Reissner’s 
membrane, the basilar membrane and 
supporting cells of the organ of Corti 
participate in the homeostatic pro- 
cesses. Included are the maintenance 
of the ionic composition and electric 
potential of the extracellular fluids 
(endolymph and perilymph), the inter- 
nal milieu of hair cells and supporting 
cells, the communication between cells 
by means other than synaptic mecha- 
nisms, the local control of blood flow 
to provide oxygen and nutrients and 
the local control of immune responses. 
While some of these mechanisms may 
reflect general physiologic principles, 
others may be unique to the cochlea. 
Endolymph, for example, is the only 
extracellular fluid with its particular 
ionic composition and electric potential. 

Recent years have brought new 
information and theories on regulation 
of fluid composition, autoregulation 
of cochlear blood flow and cellular 
communication. In addition, research 
has begun to characterize molecular 
and cellular regulatory processes such 
as those involving ion channels and 




5 






53 



HEARING AND HEARING IMPAIRMENT 



second messenger systems. A compre- 
hensive understanding of the means 
hy which the cochlea maintains its 
environment has not been achieved, 
and research should focus on the 
underlying regulatory mechanisms. 
This understanding is essential for a 
full appreciation of auditory process- 
ing, understanding disease processes 
and designing therapeutic approaches. 
Disorders of cochlear homeostasis and 
regulation may underlie a variety of 
disorders including sudden hearing 
loss, Meniere’s disease, tinnitus and 
presbycusis* On the other hand, 
specific cellular processes may be 
involved in protective phenomena in 
the cochlea. For example, pre-exposure 
to moderate-level sound will protect 
the ear from some of the effects of 
traumatic noise exposure. The mecha- 
nisms of such long-term modulation 
of responses to acoustic stimulation 
remain to be elucidated. 

There is a need to pay particular 
attention to: 

o Regulation of the ionic 

environment of the cochlea. 

o Regulation of the intracellular 

milieu of hair cells. 

o Regulation of cochlear 

metabolism including hormonal 
and local influences; receptor 
mechanisms and the role of 
second-messenger systems. 

o Intercellular communication* 



o Local regulation of blood flow. 

o Regulation of local immune 

responses* 

o Modulation of responses to 

traumatic acoustic stimulation. 

Investigations into these topics 
require exploration of the system at 
all levels from molecular mechanisms 
to functional aspects. 

Molecular Biology 
of the Cochlea 

The recent advances in 
molecular biology afford powerful 
new techniques for investigation of 
the molecular bases of the various 
phenomena discussed above. Many of 
the important proteins of the cochlea 
may be identiHed and sequenced more 
efficiently by molecular cloning 
than through biochemical techniques. 
The identification of promoter and 
enhancer sequences for genes expressed 
in the cochlea should be valuable in 
elucidating the processes that regulate 
the development and perhaps the 
regeneration of cochlear cells* 

At the same time, however, 
there are exceptional difficulties 
associated with molecular-biologic 
analysis of the inner ear. In particular, 
the small amount of cellular material 
in the ear severely restricts our ability 
to construct a complex, complete and 
specific cDNA library representing 
mRNAs for proteins important in 
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mechanoelectrical transduction, 
synaptic transmission, ionic homeo- 
stasis and the other functions of 
cochlear cells. From the animals on 
which auditory experimentation is 
done, it would be useful to select a few 
species for which cDNA libraries can 
be made efficiently. In view of the 
laborious nature of library construc- 
tion, it may be desirable to promote 
collaborative construction of libraries 
that will be accessible to investigators 
from numerous laboratory groups. 

Beyond its utility in deHning the 
proteins of the inner ear, molecular 
genetics offers the long-term prospect 
of gene therapy. Which genetic lesions 
of hearing can be meaningfully attacked 
by this means remains uncertain; 
it will first be necessary to isolate 
and characterize various genetic 
lesions and to ascertain in which cells 
mutant genes are expressed. Despite 
the long-term nature of this objective, 
it holds great promise that will steadily 
increase as new techniques for genetic 
therapy emerge throughout medicine. 

Sound Processing in the Brain 

Cellular Basis of Signal 
Processing in the Central 
Auditory System 

Understanding the neural 
basis of hearing disorders requires 
an understanding of the cellular 
mechanisms involved in normal hear- 
ing. Neural impulses generated in 
the auditory nerve are processed by 



neuronal networks connected by 
synapses. Thus, the synapse forms 
the basis for mechanisms underlying 
acoustic information processing, the 
formation of neuronal circuits and 
response plasticity. Using a variety 
of chemical neurotransmitters and 
specialized receptors, synapses can 
transmit excitatory or inhibitory 
influences from one neuron to another. 
At synaptic junctions, pathologic and 
age-related changes may produce 
hearing impairment by alterations in 
the receptor sensitivity to and synthe- 
sis, degradation, uptake and release of 
neurotransmitters, as has been demon- 
strated in other regions of the brain. 
Understanding these changes may lead 
to the development of speciHc chemical 
blockers which can be of great practical 
value in basic research and ultimately 
lead to drug therapy to ameliorate 
certain kinds of hearing impairment. 

At all levels of the auditory 
system, high priority should be given 
to studies of functional connections 
of neurons and synaptic mechanisms. 
Whenever possible, these studies 
should include: 

o Identification and location of 

specific neurotransmitters and 
neuromodulators. 

o DeHnition of receptor type. 

o Understanding of transmitter- 

receptor interactions including 
ion channels and second 
messengers. 
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o Characterization of electrical 

properties of the cell membrane. 

o Description of the size, source 

and distribution of different 
terminal types on the target 
cell’s soma and dendrites. 

These studies should exploit 
the wide range of existing and emerg- 
ing methods of modern neuroscience 
using intact animals, tissue slices and 
isolated-cell preparations. A variety 
of approaches should be pursued, 
such as pathway-tracing techniques 
and promising new methods for trans- 
synaptic labelling. Other valuable 
approaches utilize intracellular 
staining to identify precisely the 
neurons under study and the use 
of genetic, molecular, immunocyto- 
chemical and pharmacologic probes. 
Application of these technologies to 
human material should be pursued 
wherever possible. 

During the past decade, 
enormous technological advances 
have been made which permit high- 
resolution studies of neural circuits, 
subcellular components and even 
single molecules. Despite these 
advances, many basic questions 
remain to be answered. Long-term 
systematic studies addressing these 
questions will ultimately lead investi- 
gators toward an understanding of 
the mechanisms involved in normal 
auditory function and toward the 



successful treatment of hearing 
impairment. 

Neural Basis of 
Auditory Perception 

All acoustic information 
enters the brain as discharge patterns 
in the Rbers of the auditory nerve. 

This incoming neural input is repro- 
cessed in the brain stem into multiple 
parallel pathways, each of which may 
be specialized to extract different 
features of the acoustic stimulus, 
riuch as frequency content, temporal 
pattern, intensity, location in space, 
phonetic identity, etc. Each of the 
ascending pathvrays, in turn, may be 
controlled by descending pathways 
from higher centers, some of which 
may enable us to attend to certain 
features of a stimulus while ignor- 
ing others or help discern signals 
embedded in background noise. 

In recent years, tremendous 
progress has been made in under- 
standing the neural basis for auditory 
perception, especially location of 
sound, through a variety of classic 
and novel neuroanatomic, neuro- 
physiologic and mathematical modeling 
techniques. Such knowledge is neces- 
sary if there is to be understanding 
and effective treatment for complex, 
sensorineural hearing impairments. 
As knowledge of these phenomena 
increases, it should be possible to 
improve the ability of people with 
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hearing impairment to hear in 
noisy environments^ to improve 
the naturalness of sounds repro- 
duced by earphones, hearing aids 
and cochlear prostheses and to create 
better interfaces between humans 
and computers in robotics and other 
sensing applications. 

Although important progress 
has been made, the current level of 
understanding is very limited com- 
pared with what remains unknown. 
High priority should be given to the 
following areas of research: 

o Studies of all levels of the 

auditory pathway to relate 
neuroanatomic and neuro- 
physiologic findings to animal 
and human psychophysical 
observations, using similar 
paradigms and stimuli when- 
ever possible. 

o Complete anatomic and 

physiologic characterization 
of both afferent and efferent 
systems and description of the 
differences in response process- 
ing between anesthetized and 
unanesthetized, behaving 
subjects. 

o DeHnition of the effects of 

aging on neuronal processing in 
those areas in which the normal 
system is well understood. 



o Study of the potential for 

central reorganization sub- 
sequent to peripheral injury 
such as noise-induced hearing 
loss or central injury such 
as stroke. 

o Investigation of the plasticity 

of the mature auditory system 
and the impact of modiHed input 
or experience on its organiza- 
tion. Ultimately, research in 
plasticity must be tied to human 
studies. This link may now be 
possible given the recent improve- 
ment in imaging techniques 
permitting the correlation of 
speciHc psychophysical deficits 
with well-defined anatomic 
defects in humans with lesions 
in the central auditory pathways. 

The use of animal models will 
continue to be an important approach 
to understanding hearing and hearing 
impairment. In particular, a compara- 
tive approach that includes different 
animal models and the study of different 
hair cell systems (auditory, vestibular, 
lateral line and electro-reception) 
should be employed. Information 
from studies of this nature will add 
to the wealth of data that has been 
obtained during the past few years 
from animal models. 
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Mathematical Modeling 
of Auditory Function 

Rapid advances in under- 
standing the auditory mechanisms 
in the middle ear, inner ear and central 
nervous system permit the develop- 
ment of quantitative models for 
auditory function that are based 
on anatomical, physiological and 
psychophysical data* Many of these 
models have become feasible only with 
the advent of large-scale computer 
facilities. SpeciHc examples of func- 
tions to be modeled include sound 
transmission in the middle ear; 
macro- and micromechanics of the 
inner ear; mechanical, electrical 
and electromechanical transduction 
by hair cells; active processes of 
neural control of transduction events; 
representation of speech-like stimuli 
in terms of auditory nerve discharges; 
distributed neural processing of 
auditory nerve discharges by cell 
groups in the central nervous system; 
sound location; and relationships 
between auditory neural responses 
and human auditory perception. 

These models are essential; they 
will provide concise descriptions of 
normal auditory function of groups 
of neurons that can be tested experi- 
mentally to relate to psychophysical 
and perceptual function and used to 
study abnormal systems. At the middle- 
ear level, this modeling can be used 
to predict outcomes of different 



approaches to surgical reconstruc- 
tions of the middle ear. Neural models 
are also applicable to the design of 
coding strategies for inner-ear and 
more central prosthetic devices, 
and they could contribute to the 
development of computer neural 
networks simulating and perhaps 
augmenting brain function* 

Auditory Perception 

An essential component of 
understanding auditory function 
is the study of the process by which 
sound patterns are perceived* 

An overriding question is: ^How are 
acoustic inputs to the ear converted 
into meaningful percepts in the mind 
of the listener?’’ To answer this 
question requires continued and 
expanded research efforts in three 
principal areas: (a) the psychophysics 
of sensory coding, that is, studies in 
both human and nonhuman subjects 
of the psychophysical manifestations 
of normal and impaired cochlear and 
neural processes; (b) the psycho- 
physics of complex sound perception, 
that is, studies of the relationships 
between the physical properties of 
sound patterns and the perceptual 
properties of the resulting sensations; 
and (c) perceptual organization and 
cognition, that is, studies of the pro- 
cesses by which acoustic patterns are 
interpreted in terms of the location, 
identity and signiHcance of the objects 
and events that produce them. 
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Psychophysics of 
Sensory Coding 

As new discoveries are made 
about the structure and function of 
the auditory system, it will be essential 
to establish their relation to auditory 
perception. For example, a large body 
of data currently exists on frequency 
selectivity in human and animal 
subjects, yet little is known about 
how psychophysical measures of 
frequency selectivity reflect what 
is currently thought to be the under- 
lying mechanism, such as outer hair 
cell function and the active processes 
in the cochlea. Definition of the 
auditory perceptual correlates of 
peripheral auditory function should 
lead to behavioral measures that go 
far beyond audiometry in character- 
izing the perceptual aspects of 
auditory function, as well as the 
intactness of the underlying 
auditory structures. 

Opportunities for research in 
this area will include: 

o Psychophysical studies aimed 
at defining perceptual corre- 
lates of peripheral and central 
auditory function, as well as the 
inverse (physiologic studies 
guided by psychophysical data 
and models, utilizing similarly 
complex signals). 



o Psychophysical studies of the 
perceptual consequences of 
damage to the auditory system. 

Psychophysics of Complex 
Sound Perception 

Considerable progress has been 
made in understanding perception 
under conditions in which acoustic 
information is combined across several 
adjacent or remote spectral regions 
and over time. Beyond demonstrating 
that simple ^within-critical-band’’ 
models of auditory function are inad- 
equate, these studies provide a basis 
for understanding the perception of 
spectral shapes and will contribute 
to an understanding of complex 
^real-world’’ processes such as those 
involved in the perception of speech. 
Examples of this work come under such 
headings as ^spectral proHle analysis,” 
^comodulation masking release,” 
^dynamic properties of hearing” and 
^informational masking.” Specific 
research opportunities include: 

o Expanding our understanding 

of the ways in which acoustic 
information, from several 
spectral or temporal regions 
or from the two ears, combines 
to enhance or mask the percep- 
tion of target sounds. 

o Increasing understanding of 

dynamic and adaptive processes 
in auditory perception. 
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o Expanding our understanding 
of the ways in which the infor- 
mation content of complex 
sound patterns can enhance 
or interfere with detection 
and identification* 

o Elucidating the connections 

between psychophysical perfor- 
mance and the perception of 
speech sounds, both in quiet 
and in the presence of 
competing signals* 

o Developing descriptive and 

quantitative models to account 
for the perception of complex 
sound patterns* 

o Increasing understanding of 

the ways in which sensori- 
neural hearing loss affects 
these functions* 

Perceptual Organization 
and Cognition 

In recent years, there has been 
increased effort aimed at understand- 
ing how acoustic inputs are combined 
with prior knowledge and contextual 
information to result in the generation 
of meaningful percepts* This work has 
proceeded under such headings as 
•^auditory streaming,’* “auditory scene 
analysis,” “auditory object percep- 
tion,” “auditory perceptual learning,” 
“selective and divided attention,” 
“auditory memory,” “auditory space 
perception” and “acoustic versus 



phonetic coding*” This work has 
provided valuable insights into the 
separation of signals from noise, the 
perception of multiple inputs and the 
perception of speech* Its continuation 
and expansion are strongly encour- 
aged* Specific research opportunities 
include: 

o Expanding understanding of 

the acoustic properties of signals 
that allow them to contribute 
to unitary or multiple percepts* 

o Expanding understanding of the 

ways in which both monaural 
and binaural inputs contribute 
to decisions about the direction 
and location of a sound source 
in both humans and animals* 

o Experimenting on the integra- 

tion and separation of several 
sources of information, both 
intramodally and cross-modally* 

o Developing descriptive and 

quantitative models of percep- 
tual organization* 

o Relating emerging knowledge 

about perceptual organization 
to the development of a compre- 
hensive model for perception of 
acoustic communication signals* 

o Extending perceptual organiza- 

tion and modeling by including 
animal models to provide an 
understanding of the perceptual 
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consequences of sensorineural 
hearing impairments and audi- 
tory perceptual disorders* 

o Integrating an understanding 
of perceptual consequences of 
sensorineural hearing impair- 
ments and auditory perceptual 
disorders with emerging physi- 
ologic understanding of central 
auditory processing. 

Development Aging and 
Regeneration 

Development of the 
Auditory System 

The development and maturation 
of normal hearing and the auditory 
problems of children are now appropriate 
subjects for systematic and compre- 
hensive investigation. The molecular 
genetic basis of normal and abnormal 
auditory structure and function 
should be studied in animal models 
and humans: 

o Research on embryonic mecha- 

nisms for the formation of the 
normal ear and the auditory 
pathways of the brain will lead 
to an understanding of mecha- 
nisms that produce congenital 
defects and approaches toward 
correction. 

o The importance of critical peri- 

ods for functional development 
and changes in the strength of 



interactions and interdependen- 
cies in the auditory system are 
likely to be related to changes 
in susceptibility to hearing loss* 

o Influences of environmental 
factors through several stages 
of auditory development should 
be evaluated* Metabolic, bio- 
chemical and immunological 
changes in the middle ear, the 
inner ear and the brain that 
occur over the life span should 
be investigated* 

Although there is adequate 
information on developmental aspects 
of sensitivity within the auditory system, 
understanding of other perceptual 
attributes is not well documented* 
Insights into the auditory abilities of 
infants and young children are needed* 
It is vital to appreciate the other com- 
plex developmental processes that 
underlie speech perception so the 
growing potential for early diagnosis 
and treatment of all auditory disorders 
can be made* 

This research should be inte- 
grated with studies characterizing the 
mechanisms that are responsible for 
cell proliferation and differentiation 
in the cochlea* It is likely that similar 
mechanisms are responsible for the 
induction of sensory cell regeneration 
and recovery of hearing found after 
trauma in nonmammalian auditory 
systems* 
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The survival of neurons is 
dependent upon their connections 
with sensory cells, so the loss of recep- 
tors can result in the loss of auditory 
neurons* Cochlear implants depend 
upon surviving neurons for their pros- 
thetic efHcacy* Recent studies suggest 
that electrical stimulation may prevent 
progressive neural degeneration in 
congenital or early acquired profound 
hearing loss and that nerve terminal 
regeneration can occur under certain 
conditions* The mechanisms imderlying 
these processes should be deHned 
through further research and applied 
to enhance the efficacy of cochlear 
prostheses* 

Age>Related Changes 
in Hearing 

Age-related hearing loss is a 
complex state which reflects, to a large 
extent, changes throughout the entire 
auditory system* All mechanisms for 
acoustic transduction, transmission 
and perception must be considered in 
light of the aging process* One hallmark 
of age-related hearing impairment is 
an unexplained loss in speech under- 
standing without a concomitant loss 
in sensitivity* Progress in elucidating 
all of the aspects of age-related hearing 
loss will result from our ability to study 
peripheral and central components in 
humans while developing appropriate 
animal models. Studies in humans 
should include behavioral, electro- 
physiologic, neuropathologic and 
molecular measures of aging* Animal 



models will be particularly useful in 
elucidating genetic controls of age- 
related hearing loss* Moreover, animal 
models can be correlated with human 
results to provide a framework for the 
changes observed with age* 

Since many factors contribute 
to age-related hearing loss, studies in 
structural changes in the cochlea and 
central auditory pathways, homeo- 
static mechanisms of the inner ear, 
environmental and genetic effects 
on hearing, and psychologic bases of 
perception and recognition will con- 
tribute greatly to understanding and 
prevention* 

Regeneration of 
Sensorineural Elements 
and Accessory Structures 

Sensorineural hearing loss 
has long been considered irreversible 
because the production of the perma- 
nent sensory and nerve cells in the 
inner ear normally ceases before birth* 
However, recent animal research has 
shown that under certain conditions, 
sensory cell production can be reacti- 
vated in mature damaged ears* It is 
also known that these regenerated 
cells contribute to a recovery of hear- 
ing* Study of the molecular control 
and the cellular mechanisms of this 
self-repair process is possible with 
the methods of modern biotechnology* 
Elucidation of the basic processes 
should lead to therapeutic advances* 
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It is reasonable to expect that 
lie molecular events that stimulate 
progenitors cells to regenerate will 
be identiHed within the foreseeable 
future. This identiHcation will allow 
the development of pharmacologic 
agents for controlling cell replacement 
and auditory recovery. Research in 
this area should: 

o Identify molecular events 

that evoke proliferation 
leading to the replacement 
of lost sensory cells. 

o Assess the roles of known and 

suspected growth factors that 
may influence both the pro- 
duction and development of 
replacement sensory cells and 
the formation and maintenance 
of their contacts with neurons. 

o Explore the underlying mecha- 

nisms for the induction and 
regulation of postnatal sensory 
cell regeneration and differ- 
entiation. Encourage the 
application of this knowledge 
so that the mammalian cochlea 
and vestibular system could be 
artificially induced to undergo 
regeneration or self repair. 

o Investigate the basis for the 

recent discovery of additional 
sensory cell production evoked 
in the embryonic mammalian 



cochlea and explore the poten- 
tial for spontaneous sensory cell 
regeneration in the auditory and 
vestibular systems of postnatal 
mammals. 

o Assess the contributions of 

various other potential repair 
processes in the ear, including 
repair of damaged subcellular 
components of hair cells and 
repair of damaged links between 
sensory cells and the overlying 
tectorial membrane. 

o Evaluate mechanisms leading 

to the reformation of neuronal 
connections in the hearing organ 
and their functional recovery. 

A multifaceted approach, which 
includes biochemical, cellular, physi- 
ological and behavioral investigations, 
is necessary to understand fully the 
complex processes that underlie 
restoration of auditory function. The 
realization of clinical gains from this 
research is likely to require years of 
sustained investigation, but the poten- 
tial beneHts are great. For 80 percent 
of the more than 28 million Americans 
affected by hearing impairment, their 
loss is currently irreversible due to 
inner-ear hearing impairment. The 
studies proposed here suggest that this 
type of hearing impairment may not 
have to be considered permanent. 
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Hearing Impairment 

Hereditary Hearing Impairment 

More than 300 hereditary 
disorders cause hearing impairment* 
Many forms of hereditary hearing 
impairment result from the actions 
of more than one gene* 

The rapid identiHcation over 
the past few years of large numbers 
of DNA markers showing considerable 
variation among individuals and span- 
ning most of the human genome has 
provided the framework for locating 
genes whose protein products are 
unknown* The discovery of the poly- 
merase chain reaction (PCR) for 
amplifying DNA segments has played 
a major role in the rapid accumulation 
of these informative markers* The 
potential to map genes involved in 
hearing impairment now depends on 
obtaining sets of families in which the 
same mutation causes the disorder in 
affected members* However, clinically 
identical disorders are not necessarily 
due to the same gene* In fact, more than 
40 genes are estimated to cause autoso- 
mal recessive early-onset deafness* 

High priority should be given to 
the identification of families suitable 
for mapping genes that cause hearing 
impairment* International collabo- 
rations and the establishment of 
consortia for studying speciHc 



disorders are essential for this effort* 
The establishment of a data base of 
families with probable hereditary 
hearing impairment, willing to partici- 
pate in genetic studies, will require the 
active participation of clinicians who 
can provide complete and accurate 
diagnostic information* Gene mapping 
is most likely to result from the analy- 
sis of data collected from a large 
pedigree in which there are many 
family members with autosomal domi- 
nant patterns of hearing impairment 
transmission and from sets of related 
families (such as those in isolated 
populations) with autosomal recessive 
forms of hearing impairment transmis- 
sion* In these sets of data the problem 
of genetic heterogeneity is minimized 
as the same gene is likely to cause the 
disease in all affected family members* 
Both syndromic and nons 3 mdromic 
forms of hearing loss should be studied* 

Advances in comparative map- 
ping of the human and mouse genomes 
promise to be valuable in identifying 
human genes* Since there are exten- 
sive regions of homology, locating 
genes for hearing impairment in the 
mouse indicates a likely chromosomal 
location for similar genes in humans 
and suggests candidate genes* DNA 
markers spanning the mouse genome 
are being developed, and the use of 
different species and subspecies to 
map mouse genes is proving fruitful* 
Many mouse strains with hearing loss 
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are available through federally sup- 
ported laboratories* Several deafness 
genes have been located in humans 
and mice, and progress toward isolat- 
ing and chemically characterizing 
these genes should be rapid* 

Auditory assessments that 
differentiate carriers of recessive 
genes for hearing impairment from 
noncarriers would be most useful* 
Parents of affected individuals are 
obligate carriers; and, as an adjunct 
to the gene mapping studies in humans 
and mice, the hearing of obligate carriers 
and normal controls should be measured* 

The successful mapping of a 
hearing impairment gene provides 
useful information for early detection 
of affected individuals and for identify- 
ing carriers of the gene* Locating the 
gene on a chromosome allows isolation, 
cloning, sequencing and determining 
the mutatl >n and its protein product* 
The way in which the protein product 
produces the hearing impairment in 
the inner ear can be determined, and 
the counterpart gene and its protein 
product can be determined* The role 
of its product in development or 
maintenance of the inner ear can be 
determined* New technology, includ- 
ing the development and screening 
of inner ear-specific cDNA libraries, 
will facilitate the breakthroughs in 
defining the genetic basis of hearing 
impairment* Successful treatment 



and prevention of genetic hearing 
impairment may eventually be 
achieved by introducing normal 
genetic material into affected cells* 

The technique of gene therapy, which 
is already being applied to other genetic 
disorders, is likely to become an option 
for the prevention or amelioration of 
hereditary hearing impairment* 

Studies of hearing impairment 
in which a genetic and an environmen- 
tal component are suspected, should 
be carried out* Epidemiologic studies 
on hearing disorders are needed to 
augment available data on incidence, 
prevalence and risk factors* Data on 
multiple variables, including age, 
gender, ethnicity, trauma, drugs, 
toxins, infections, smoking, diet, 
genetic markers (particularly those 
involved in the immune system), 
autoimmune diseases and congenital 
malformations, should be analyzed 
for etiologic clues* In some instances, 
an environmental cause will be more 
likely* When there is evidence of a 
familial component to the hearing 
impairment, extensive and detailed 
family history information should be 
obtained on first and second degree 
relatives* Many different measures 
of auditory function should also be 
obtained on family members, including 
pure-tone audiometry, spondee thresh- 
old, speech recognition thresholds, 
tympanometry, measurement of acous- 
tic reflexes, electrocochleography. 
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auditory brain stem response and 
otoacoustic emissions, as well as imag- 
ing studies. These data may contribute 
to the genetic analysis of the hearing 
disorder. Hypotheses of dominant, 
recessive, sex-linked, polygenic and 
mitochondrial inheritance should be 
examined. 

In summary, research priorities 
to better understand the genetic basis 
of hearing impairment include: 

o Map, isolate, clone, sequence and 

characterize genes responsible 
for hearing impairment in 
humans and animals. 

o Solicit the participation of 

families in studies of hereditary 
hearing impairment. Educate 
professionals serving people 
with hearing impairment re- 
garding selection criteria for 
such families. 

o Develop clinical and physio- 

logical tests which identify 
individuals with hereditary 
hearing impairment and 
carriers of recessive genes 
for hearing impairment. 

o Develop comprehensive inner 

ear-specific cDNA libraries in 
humans and laboratory animals. 



Acquired Sensorineural Hearing 
Loss and Environmental Influences 

Role of Genetics in 
Acquired Hearing Loss 

A number of disorders which 
result in acquired sensorineural 
hearing loss may have a genetic basis 
which predisposes the individual to 
the deleterious effects of environmental 
factors. These include susceptibility 
to noise-induced hearing loss and drug 
ototoxicity. Degenerative disorders 
such as presbycusis may also have a 
genetic basis. Studies using molecular 
genetics and related techniques should 
define these disorders better. 

infectious Diseases 
Affecting Cochlear 
Function 

Maternal Cytomegalovirus 
Infection and Hearing Loss 
in Children 

It is estimated that one percent 
of all children bom in the United 
States contract maternal cytomega- 
lovirus (CMV). Ten percent of these 
children are born with mental retarda- 
tion and hearing loss. Fourteen percent 
develop hearing loss alone, which may 
not become apparent until years later. 
It is possible that CMV-related hearing 
loss in children may have a greater 
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incidence than suspected. Research is 
needed to devise effective screening 
techniques to detect CMV infection in 
the newborn. Studies are needed to 
investigate the pathophysiology of 
CMV infection in the developing inner 
ear of the fetus in comparison to CMV 
infection in the adult inner ear. Research 
on genetic or environmental factors 
that may predispose a developing fetus 
to CMV infection are needed. Since not 
all newborns exposed to CMV develop 
hearing loss» there is a need to determine 
if certain factors predispose the inner 
ear to damage as a result of CMV infec- 
tion. High priority should be assigned 
to the development of strategies to 
prevent CMV-induced congenital 
deafness. 

Postnatal Infections 

Sudden sensorineural hearing 
loss may be caused by a viral infection. 
Further study is needed of putative 
viral pathogenesis of this and other 
inner-ear disorders. Diagnostic tech- 
niques, such as serology, immuno- 
histochemistry, microbiology and 
molecular biology, should be explored 
in greater detail. Bacterial meningitis, 
such as that caused by the pneumo- 
coccus, results in a high incidence of 
acquired sensorineural hearing loss. 
Additional research is needed to 
determine the mechanism and the 
locus of the auditory pathway damaged 



by meningitis. The development of 
vaccines and the evaluation of their 
efHcacy are essential. 

Treatment with corticosteroids 
and antibiotics may reduce the inci- 
dence of sensorineural hearing loss 
in patients with bacterial meningitis. 
The role of the inflammatory and 
immune process in meningitis may 
therefore have a major impact on the 
outcome of hearing in these patients. 
Animal models of meningitis are 
needed, and new treatment modalities 
should be tested. Clinical trials of the 
treatment of patients with meningitis 
are needed. 

The effect of viral meningitis on 
the auditory system should be studied. 
Delayed sequelae from viruses are 
known to occur in infections of the 
central nervous system, and their role 
in auditory system dysfunction can be 
presumed but should be substantiated. 
Particular attention should be focused 
on latent viruses of the Herpes group, 
which have been implicated in several 
inner-ear and eighth cranial nerve 
disorders, such as Meniere’s disease, 
vestibular neuronitis and Ramsay 
Hunt syndrome. 

Fungal meningitis may produce 
sensorineural hearing loss, particularly 
in patients who are immunosuppressed, 
including patients with acquired 
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immunodenciency syndrome (AIDS) 
and transplant patients* The mecha- 
nisms of damage to the auditory 
system should be further delineated* 

Auditory Consequences of 
Acquired Immunodeficiency 
Syndrome 

Infection with human immuno- 
deficiency virus (HIV) can result in 
AIDS, characterized by immunosup- 
pression, the presence of Kaposi’s 
sarcoma and a high level of opportun- 
istic infections* HIV infection can also 
lead to AIDS-related complex (ARC), 
which is part of the clinical spectrum 
of this disease but has a lower incidence 
of opportunistic infections* Both AIDS 
and ARC are associated with sensory 
and neural complications that include 
hearing impairment* It is estimated 
that 75 percent of adult AIDS patients 
end 50 percent of ARC patients develop 
hearing loss* 

The cause of auditory system 
changes in HIV-positive patients is 
unknown* Direct infection of the 
central nervous system by HIV is well 
documented, and strains of the virus 
are known to infect selectively specific 
neural populations* Hearing disorders 
in AIDS patients could be caused by 
HFV infection of the inner ear or the 
central auditory system* Many of the 
complications of AIDS, however, are 



the result of opportunistic infections 
rather than of HIV itself* By far the 
most prevalent co-pathogen is CMV, 
with more than 90 percent of AIDS 
patients having CMV infections* Since 
CMV is known to damage the auditory 
system preferentially in congenital 
infections, it seems likely that CMV 
is involved in HIV-related auditory 
lesions as well* Research to clarify 
the role of HIV and CMV infection in 
the auditory systems of AIDS patients 
should lead to improved strategies 
for treatment of hearing impairment 
in AIDS* 

Some drugs that have been 
used to treat AIDS or infections which 
occur in AIDS have caused temporary 
or permanent hearing loss* Research 
needs to be done to investigate the 
mechanism underlying this hearing 
loss and the ototoxic potential of drugs 
being developed in the future to treat 
AIDS patients* 

The use of new antiviral agents 
in AIDS patients with sensorineural 
hearing loss will be an area of high 
interest* Studies of the mechanisms 
of action of these antiviral agents in 
preventing or reversing hearing loss 
in AIDS will be important and have 
far-reaching implications for treating 
viral infections of the inner ear in the 
general population. 



O 

ERIC 



68 



74 



HEARING AND HEARING IMPAIRMENT 



Neoplasia 

The natural history, genetics, 
presence of hormone receptors and 
factors controlling growth should 
be studied further in neoplastic dis- 
orders, such as acoustic neurinoma 
(vestibular Schwannoma) and 
chemodectoma (glomus tumors). 

The incidence of acoustic neurinomas 
is higher at autopsy than in patient 
populations implying that the growth 
rate of these tumors may be extremely 
slow in some patients. Methods of 
treatment are controversial, and 
multi-institutional trials are needed 
to address questions about radiation, 
medical and surgical treatments. 

Squamous cell carcinv. ma of 
the external ear appears to be related 
to exposure to the sun. The role of 
environmental factors, including 
depletion of the ozone layer, should 
be investigated. The etiologic factors 
underlying squamous cell carcinoma 
of the middle ear and mastoid should 
be elucidated. Multi-institutional, 
well-controlled trials of surgical, 
radiation and medical therapy need 
to be carried out to improve survival. 
Improvement in survival of patients 
with rhabdomyosarcoma who receive 
multimodality therapy has been 
achieved. 



Age-Related Changes 
in the Cochlea 

Presbycusis or age-related 
hearing loss is the most prevalent 
and least studied disabling condition. 
Although long life is associated with 
loss of hearing, there is relatively little 
information about the internal controls 
over aging within the auditory system. 
For example, what is the influence of 
long-term homeostatic regulation on 
cochlear integrity? What are the genetic 
factors associated with aging and 
hearing loss? Controlled systematic 
genetic recordkeeping in humans will 
be particularly useful in elucidating 
genetic controls of presbycusis. 

Studies in homeostatic mecha- 
nisms of the inner ear, environmental 
effects on hearing, epidemiology of 
hearing loss, human genetics and 
otopathology will contribute greatly 
to understanding and preventing 
presbycusis. Specific research oppor- 
tunities include; 

o Epidemiologic studies. 

o Studies of risk factors for 

apparent age-related hearing 
loss (diet, medications, heart 
disease, smoking or non- 
occupational-noise exposure). 
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o Studies of potential treatment, 

such as regeneration of senso- 
rineural components within the 
cochlea and drug replacement 
therapy for speciHc peripheral 
and central deceits due to aging. 

o Studies directed at development 

and implementation of new 
signal processing strategies for 
auditory rehabilitation* 

Animal models can be particu- 
larly helpful in clarifying the over- 
lapping contributions of genetic 
predisposition, systemic disease and 
exposure to moderate noise levels in 
age-related hearing loss. These models 
can also identify different morphologic 
subtypes characterized by degenera- 
tion of hair cells and by structural 
changes in the stria vascularis (part 
of the inner-ear blood circulation), 
auditory nerve and brain. Interven- 
tions can also be studied in animal 
models. For example, does dietary 
change in animals with vascular 
disease reduce hearing loss while 
concomitantly reducing morbidity 
and mortality from involvement of 
other organ systems? 

Clinical studies of presbycusis 
should attempt to delineate the sepa- 
rate effects of loss of sensitivity and 
aging on real-world speech recognition 
tests* To the extent that apparent 
central processing deficits are present, 
these deficits should be correlated 
with other measures of central nervous 



system structure and function such as 
magnetic resonance imaging, positron 
emission tomography and evoked 
potentials. Blood and tissue should be 
analyzed as well as retained for future 
studies, and the study of temporal bone 
and brain tissue post mortem should 
be a continuing research priority. 

Clinical intervention in 
presbycusis at present includes detec- 
tion, measurement and rehabilitation 
principally through amplification with 
hearing aids. As presently practiced, 
these methods are effective, but their 
benefits in communicative skills and 
psychosocial well-being should be 
better documented* Methods of inter- 
vention can and should be improved. 
Better hearing aids are being devel- 
oped, and their efficacy and accepta- 
bility with older persons will require 
specific attention. Early intervention, 
when hearing loss is milder, may 
improve later function as the loss 
progresses* New psychoacoustic and 
audiologic diagnostic methods may 
permit identiRcation of patients who 
have a poor prognosis for successful 
use of hearing aids and lead to 
an appropriate modiHcation of 
rehabilitative strategies. 

Trauma and 
Environmental Effects 

Detrimental influences from 
the environment have long been recog- 
nized as a major contributing factor to 
hearing loss in the general population* 
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A number of factors have been identi- 
fied. Others have been tentatively 
implicated. These factors can be class- 
ified into four broad categories: 

o Exposure to noise, including 

steady, intermittent and impulse 
noise of various levels and dura- 
tions. It may be associated with 
occupational activities (indus- 
trial plants, aircraft engines) or 
recreation (gunfire, rock music). 

o Exposure to industrial by- 

products and pollutants such 
as the solvents toluene, xylene 
and styrene. 

o Administration of clinically 

important and potentially 
lifesaving therapeutics such 
as aminoglycoside antibiotics, 
diuretics, antitumor agents 
(cisplatin) and salicylates 
(including aspirin). 

o Results of trauma or accidents. 

These may be consequences of 
head injuries, intracranial 
surgery or barotrauma. 

Depending on the type and 
severity of the insult, the resulting 
hearing loss may be partial or complete 
and reversible or permanent, or the 
disorder may manifest itself as 
tinnitus. In addition, hearing loss 
can be exacerbated by a combination 



of these insults or their interaction 
with other factors. A genetic predis- 
position for individual susceptibility 
may also exist. 

While major inroads have been 
made in understanding the conditions 
under which these agents cause hear- 
ing loss, important questions remain 
unresolved. Moreover, the study of 
many of these problems still awaits 
the application of modem research 
techniques to elucidate the molecular 
mechanisms leading to the impairment 
of auditory function. Knowledge of 
these mechanisms will enable the 
design of rational approaches to pre- 
vention, amelioration and treatment, 
which are the major concerns in 
research on these auditory disorders. 

Specifically, investigations are 
needed in epidemiology, pathogenesis 
and pathophysiology of hearing loss 
from environmental insults as well as 
into their prevention and management. 

o For any suspected traumatic 

agent, the causal relationship 
to the observed hearing loss 
should be established. 

o Electrophysiologic and 

histopathologic investigations 
may be helpful in determining 
the site of the insult within the 
auditory system. 
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o Investigations into the molecu- 
lar mechanisms elicited by these 
insults and leading up to the 
hearing loss are fundamental to 
understanding, preventing and 
treating these forms of hearing 
loss* These studies require the 
entire repertoire of modern 
analytical techniques of bio- 
chemistry, pharmacology, 
physiology, electrophysiology 
and molecular and cellular 
biology. 

In prevention and management, 
advances can be achieved through 
focus on the following strategies: 

o Improved methods for screen- 
ing hearing impairment in 
populations that are at risk 
(for example, certain industrial 
workers). 

o Use of high-frequency audio- 

metry for early detection of 
hearing impairment due to 
pharmacologic agents. 

o Investigations into the predict- 

ability of permanent hearing 
loss, based on temporary shifts 
in hearing threshold. 

o Determination of safe levels for 

occupational-noise exposure. 

o Development and evaluation 

of more effective devices for 
ear protection and establish- 



ment of better methods for 
public awareness of this 
important health issue. 

o Determination of the extent to 

which hearing impairment can 
be alleviated or reversed, based 
on early detection and removal 
of the insulting agents* 

o Development of methods for 

protecting the inner ear from 
damage by drugs administered 
as pharmacologic agents* These 
methods, while preventing 
inner-ear damage, should 
not adversely affect the efficacy 
of the drugs. 

o Investigations into the relation- 

ship between the structure of 
drugs and their ototoxicity. 

This research is directed to the 
design of new products or the 
modification of existing ones so 
that their ototoxicity is attenu- 
ated while their therapeutic 
efficacy is maintained. 

o Development of procedures to 

test deleterious effects of drugs 
in models other than animals* 
Artificial membranes or cultures 
of sensory cells offer promising 
alternatives that should be 
developed further. 

This multifaceted approach, 
ranging from the elucidation of molec- 
ular mechanisms through improved 
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diagnostic and protective measures 
to pharmacologic prevention and 
new drug design, is essential* It has 
the potential of providing tangible 
beneHts to the millions of Americans 
now at risk of environmental harm 
to their hearing* 

The combination of noise 
exposure and organic solvents, 
which can be present in the workplace 
or as environmental pollutants, can 
potentiate hearing loss* A great deal of 
research is needed on the mechanisms 
of these interactions* 

Research into the efRcacy of 
possible therapeutic agents to reduce 
temporary or permanent hearing 
loss from noise exposure should be 
performed* 

Experiments on the mecha- 
nisms of central and peripheral 
auditory injury resulting from 
various types of head or neck trauma 
should be carried out* 

Acquired Sensorineural 
Hearing Loss in Infancy 

Research is needed to study the 
susceptibility of the developing inner 
ear to such factors as maternal illness, 
substance use and abuse, and noise and 
trauma* The effects of the intrauterine 
environment require analysis* Studies 
should examine the individual differ- 
ences in fetal susceptibility to hearing 
loss* The roles of prematurity, low 



birth weight and neonatal jaundice 
require continued investigation* 
Research is needed to study the effects 
of the environment of the newborn 
nursery, including the neonatal inten- 
sive care unit that admits newborns 
who are already at risk for hearing 
loss* The interaction of genetics, 
infections and various environmental 
factors in children born with a 
sensorineural hearing loss who 
subsequently develop a progressive 
and fluctuating hearing loss requires 
investigation* 

Immune-Mediated Disorders 

The immune system is crucial 
to the defense of the middle and inner 
ears against infection* In recent years, 
the role of immune mechanisms in 
many disorders of hearing has been 
recognized* Inflammation generated 
by the immune response undoubtedly 
contributes to tissue damage associ- 
ated with infection* Evidence suggests 
that immune mechanisms induce 
hearing loss and are responsible 
for the progression of chronic otitis 
media* Immune mechanisms may also 
contribute to the pathogenesis of other 
disorders for which no cause has been 
established, such as Meniere’s disease* 

Research is needed on normal 
immune processes in the middle and 
inner ears as well as on the immune 
response to infecting microorganisms* 
Animal models of autoimmune sen- 
sorineural hearing loss should be 
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developed, if possible, for research on 
the pathogenesis of this phenomenon. 
Application of research techniques 
of neuroimmunology to the auditory 
system should contribute to a rapid 
expansion of knowledge in this 
evolving field. 

Problems exist in the diagnosis 
of autoimmune sensorineural hearing 
loss, and new diagnostic tests should 
be developed so patients with this 
treatable form of sensorineural 
deafness can be identified early in 
their course. 

Multi-institutional controlled 
treatment protocols for autoimmune 
sensorineural hearing loss using 
corticosteroids, cytotoxic agents, 
plasmapheresis and related therapeu- 
tic modalities should be carried out. 

Idiopathic Disorders 

The middle and inner ear 
are subject to a variety of idiopathic 
processes, such as otosclerosis and 
perilymphatic fistula. Otosclerosis 
may have a genetic or viral cause, 
but more research is needed in deter- 
mining the cause and effective 
medical treatment for otosclerosis. 
Perilymphatic fistula is a disorder 
which requires continued research 
into the cause, diagnosis and efficacy 
of treatment. 



Meniere’s Disease 

Meniere’s disease is an 
idiopathic disorder resulting in 
prostrating vertigo, fluctuating 
sensorineural hearing loss, tinnitus 
and the sensation of fullness of the ear. 
Diagnosis of Meniere’s disease is 
difficult in patients in whom the 
disease is quiescent. New diagnostic 
methods utilizing electrocochleo- 
graphy, otoacoustic emissions and 
related tests should be developed. 

The natural history of Meniere’s 
disease should be thoroughly investi- 
gated. Studies are needed to determine 
the incidence of bilateral involvement. 
New animal models of Meniere’s 
disease which more closely mimic the 
human disease should be developed. 
Genetic studies are needed to deter- 
mine whether Meniere’s disease has 
a hereditary basis. The effects of 
disruption of inner-ear homeostasis 
and fluid regulation of endolymph 
and perilymph by manipulation of 
hormonal and systemic factors should 
be thoroughly studied. A possible 
autoimmune basis for Meniere’s dis- 
ease should be thoroughly examined in 
humans and animals. The eflHicacy of 
medical or surgical treatment should 
be carefully studied with controlled 
clinical trials. The psychosocial effects 
of Meniere’s disease should be studied. 
The consequences of untreated 
Meniere’s disease should be elucidated. 
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Pathogenesis and 
Treatment of Tinnitus 

Many persons with ear disorders 
hear noises (ringing, buzzing or roaring) 
when no external acoustic stimulus 
is present* This disorder is called 
tinnitus* At least 16 percent of the 
American population have frequent 
or constant tinnitus* Persons over 
60 years of age are twice as likely to 
have tinnitus* Research on tinnitus 
is in its infancy and should be greatly 
expanded* 

The natural history of tinnitus 
resulting from trauma or disease is 
incompletely defined* While some data 
on the prevalence of tinnitus in adult 
populations are available, the types 
and degrees of disability caused by 
tinnitus should be characterized 
and measured in population surveys* 

Aspirin toxicity causes tinnitus, 
while simultaneously affecting inner* 
ear hair cell motility in a way that 
can be measured noninvasively* 

A possible relationship between 
otoacoustic emissions and some forms 
of tinnitus deserves additional study* 
The use of animal models can help 
elucidate mechanisms and sites of 
origin of tinnitus and test treatment 
such as acoustic masking and electri- 
cal suppression* These models should 



be developed because they promise 
new insights into tinnitus and normal 
inner-ear function* 

Reliable and valid measures 
of tinnitus sensation and disability 
must be developed for use as outcome 
measures in studies of existing and 
new treatments* 

Clinical Trials 
in Sensorineural 
Hearing Loss 

For sensorineural hearing losses 
that are sudden, fluctuant or rapidly 
progressive, a variety of empirical 
therapies are currently used* Often 
these therapies are based on assump- 
tions about the pathogenesis of the 
hearing loss* Fluctuating losses, for 
example, are often believed to be 
caused by endolymphatic hydrops 
and are treated with diuretics and salt 
restriction, while losses believed to be 
caused by inflammation or ischemia 
may be treated with corticosteroids 
or vasodilating agents, respectively. 
There is some evidence supporting the 
therapeutic efficacy of corticosteroids 
in certain patients with sudden hearing 
losses; in general, however, medical 
therapy for sensorineural hearing loss 
has not been shown to be efficacious* 
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There is a pressing need for 
properly controlled therapeutic trials 
in these areas* The use of agents affect- 
ing cochlear blood flow, for example, 
should be studied both in sudden and 
in rapidly progressive sensorineural 
hearing loss as well as in fluctuant 
hearing loss* The outcomes from vari- 
ous treatment strategies should be 
compared to the outcome of the natural 
history of the disease under study* 

Some of the treatments now 
being used empirically may be effec- 
tive only in certain subsets of patients* 
If better diagnostic tests were avail- 
able for these patients, more rational 
and effective treatments could be 
readily determined* Further studies 
with animal models of sensorineural 
hearing loss are essential to provide 
insights into pathogenesis and to 
suggest to clinicians possible patho- 
genic factors in their patients* 

Diagnostic Challenges 

o The role of a viral infection 

in sensorineural hearing loss 
requires better diagnostic 
techniques* 

o A diagnostic test for autoim- 
mune hearing loss is urgently 
needed* 

o A test to determine if the ( >ther 

ear of a person with Meniere’s 
disease is at risk for develop- 
ment of the disease is needed* 



o Diagnosis of perilymphatic 

Hstula is difficult, and new 
objective diagnostic techniques 
are needed* 

o Better diagnostic tools are 

needed to distinguish peripheral 
from central causes of hearing 
impairment, especially in pa- 
tients with age-related hearing 
loss* The results should be vali- 
dated with histopathologic 
studies of the peripheral and 
central auditory structures* 

o Techniques for earlier identifi- 

cation of patients affected by 
neurofibromatosis type 2 are 
needed* 

o Methods to identify patients at 

increased risk for noise-induced 
hearing loss and ototoxicity 
are needed* 

Research Techniques 

Although a variety of research 
techniques may be applicable, it is 
anticipated that epidemiology, molecu- 
lar genetics, multicultural studies, and 
histopathology and pathophysiology 
of the damaged ear will be particularly 
useful in studying these hearing 
disorders* 

Otopathology, particularly 
with newer techniques such as immu- 
nohistochemistry, three-dimensional 
reconstruction, electron microscopy 
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and in situ hybridization, can be 
expected to add insights into the 
mechanisms of sensorineural hearing 
loss* The development of a national 
temporal bone pathology database 
will provide a valuable resource 
for studies of sensorineural 
hearing loss* 

A national effort to collect 
and share cDNA libraries should be 
encouraged so that this technology 
can be applied to the study of causes 
of acquired sensorineural hearing loss* 
National registries and demographic 
studies will help provide much needed 
epidemiologic data on hearing loss 
of this nature* 

otitis Media, Otosclerosis and 
Other Middle-Ear Disorders 

Otitis Media 

Epidemiologic studies should 
be designed to reveal immune and 
genetic markers of otitis media-prone 
children* Study of environmental 
factors should identify prenatal^ 
perinatal and postnatal conditions^ 
as well as environmental pollutants^ 
that affect the incidence of otiti^ media* 

Anatomical) biochemical) neu- 
ral) circulatory and developmental 
factors that affect the eustachian tube 
and middle-ear gas composition and 
pressure should be defined and corre- 
lated with the incidence) prevalence 



and pathogenesis of otitis media* 
Noninvasive tests of eustachian-tube 
function should be further developed* 

The anatomic characteristics of 
the middle ear and related structures 
should be studied in various patient 
populations) including patients with 
asymptomatic middle-ear disease) 
employing the methods of systematic 
and quantitative human temporal 
bone pathology research* Methods 
of establishing cellular lineage and 
differentiation and investigating 
cellular regulatory mechanismS) 
including the molecular biology of 
secretory products in normal and 
pathologic conditions) should be 
emphasized in future research* The 
role of the round window membrane 
in possible inner-ear sequelae of otitis 
media should be a continued focus 
of research* 

Microbiological) immunological 
and biochemical research opportuni- 
ties include further elucidation of the 
mechanisms by which viral infections 
enhance or predispose to bacterial 
infections of the middle-ear space* 
Study of the role of bacterial-cell 
products in the inflammatory response 
and the genetic diversity and molecu- 
lar features of bacteria involved in 
otitis media should be emphasized* 
Study of relevant adherence factors 
for each of the common middle-ear 
pathogenS) characterization of genes 
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encoding adherence factors and 
identification of the corresponding 
cell-surface receptors should be 
carried out to understand host and 
environmental factors that impact the 
microbial ecology in the nasopharynx. 
Future investigation should explore 
the role in homeostasis of secretion 
products and continue characteriza- 
tion of middle-ear inflammatory 
mediators. 

Research to date has revealed 
important contributions of local 
and systemic immunity to middle- 
ear protection and inflammatory 
responses. Future research should 
determine the relative roles of sys- 
temic and local immune responses 
in the pathogenesis and mechanism 
of recovery from otitis media. This 
research may delineate the role of 
specific lymphocyte receptors and 
growth, proliferation and transcrip- 
tion factors in lymphocyte recruitment 
to and function in the middle ear. 

High priority should be given 
to the development of vaccines that 
would reduce the incidence of viral 
and bacterial infections that cause 
otitis media and bacterial infections 
that cause meningitis. Priority should 
be given to further development and 
testing of pneumococcal capsular 
polysaccharide-protein conjugate 
vaccines for prevention of otitis media 
and meningitis. Protective mecha- 
nisms for nontypable Haemophilus 
influenzae and Moraxella catarrhalis 



should be further deHned, and new 
genes for which expression products 
might be vaccine candidates should 
be identiHed. 

Research should identify 
measures to detect otitis media and 
hearing loss in infants less than six- 
months of age, and improved methods 
of tympanometry and quantitative 
pneumotoscopy should be developed. 

Study of treatments for otitis 
media should identify demographical, 
clinical, biochemical, microbiological 
and immunological factors that predict 
antimicrobial efHcacy, complications 
and sequelae. Future research should 
emphasize antimicrobial and anti- 
inflammatory drug pharmacokinetic 
studies in the middle ear and safety 
profiles of existing and new antimi- 
crobial and anti-inflammatory drugs. 
More effective pressure equalization 
of the tympanomastoid cavity should 
be a goal of therapeutic research. 
Multicenter, cooperative clinical trials 
should be explored to accelerate the 
testing of new treatment modalities 
on large, broadly representative 
population samples. 

Since otitis media can have 
long-term effects on health and devel- 
opment, future research should 
measure the incidence of long-term 
otitis media sequelae including 
middle-ear and mastoid pathology and 
functional disability. These studies 
need to determine the effect of otitis 
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media and hearing loss on speech, 
language, perceptual and cognitive 
development. Long-term sequelae 
of surgical and pharmacological inter- 
ventions for otitis media are necessary 
including timing of antibiotic treat- 
ment. The pathogenesis and molecular 
and cellular mechanisms of the devel- 
opment of tympanosclerosis, chronic 
otitis media with and without perfor- 
ation and cholesteatoma should be 
investigated further. 

OtoL^clerosis and Other 
Mid ®»-Ear Disorders 

Um ^standing molecular and 
cellular mechanisms of otosclerosis 
should be a research priority. These 
mechanisms should include identifi- 
cation of specific viral antigens and 
identification of RNA or DNA in 
otosclerotic bone. Epidemiologic 
studies to search for genetic factors 
and preceding viral infections in 
otosclerotic patients should be 
performed. 

The prevalence of perilymph 
fistulae should be determined, and 
tests for middle-ear perilymph should 
be developed. 

Continuing studies of middle-ear 
micromechanics and development of 
middle-ear implant materials includ- 
ing ceramics, hydroxyapatite, plastics 
and banked middle-ear homografts 
should be pursued. Research should 



include determination of long-term 
results of middle-ear grafts and pros- 
theses. Further study of the feasibility 
of partially or totally implantable 
electromechanical or electromagnetic 
drivers of the ossicular chain and 
temporal bone should be conducted. 
These studies should be done in light 
of increasing use of intense magnetic 
fields in medical diagnosis. 

Assessment, Diagnosis, Treatment 
and Rehabilitation 

The consequences of impaired 
hearing on speech perception are 
currently addressed by two approaches: 
prosthetic management and auditory 
rehabilitation. (Refer to the 1991 
update of the Language and Language 
Impairments section of the National 
Strategic Research Plan for research 
opportunities involving the linguistic, 
educational and cultural concomitants 
of hearing impairment.) Prosthetic 
management includes both the fitting 
of hearing aids, auditory prostheses 
and tactile aids, and in the case of 
children, the use of other technological 
aids to facilitate speech training and 
language development. Auditory 
rehabilitation attempts to remedy 
problems arising from hearing 
impairment by providing instruction 
in speechreading, communication 
therapy and training for children and 
adults who have difficulty with the 
interpretation of sound. 
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Assessment and diagnosis 
are prerequisites for treatment 
and remain essential components 
of rehabilitative management* 

Assessment and Diagnosis 

Quantum leaps have been 
made in the development and use of 
noninvasive diagnostic procedures 
to identify hearing impairment* 

An urgent research goal continues to 
be the early identification of hearing 
impairment in infants* The average 
age at which profound hearing impair- 
ment is first detected in this country is 
nearly three years, with less severe 
losses detected even later* Detection 
of hearing impairment during late 
stages of language development has a 
negative impact on the acquisition of 
communicative, academic and social 
skills in children* There are powerful 
strategies for early identiHcation of 
hearing impairment in newborns and 
infants* Research is needed to study 
these strategies to determine their 
effectiveness in screening for hearing 
impairment and to determine the 
best method for implementation in 
various settings* 

Advances in technology hold 
promise for the development of 
improved assessment and diagnostic 
procedures for adults, as well as for 
infants and children* Research oppor- 
tunities in the area of assessment and 
diagnosis include: 



o Establishment of validity, 

reliability and efficiency of 
new and existing audiologic 
test procedures* 

o Application of new and emerg- 

ing information about normal 
and pathological processes 
to improve diagnostic and 
evaluative techniques* 

o Application of new and emerg- 

ing technologies to improve 
diagnostic and evaluative 
techniques* 

Treatment and Rehabilitation 

Prosthetic Management 

Fundamental 

Understanding 

While much remains to be 
learned about the characteristics of 
normal auditory function, a major lack 
of knowledge exists in the current 
understanding of how impaired audi- 
tory systems encode the cues salient 
for communication, of how auditory 
perceptions are distorted by hearing 
impairment and of the mechanisms of 
the ear and central auditory system 
that underlie these changes* Su jh 
an understanding is basic to the 
development of prosthetic devices 
and rehabilitative strategies* 
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This area of research should 
include physiologic and perceptual 
studies of impaired auditory function, 
including the effects of aging and 
electrical stimulation; studies of 
speech perception by hearing- 
impaired persons; studies of the 
linguistic, social, emotional and 
vocational consequences of hearing 
impairment; and studies of nonaudi- 
tory processing disorders associated 
with hearing impairment* 

Hearing Aids 

Continued research on hear- 
ing aids is important and timely. 

The population who can beneHt from 
hearing aids is likely to grow as the 
population ages. In addition, progress 
in the miniaturization of electronic 
devices and transducers as well as the 
technology of digital signal processing 
may far outstrip the basic understand- 
ing required to apply these advances 
successfully* SpeciHc research oppor- 
tunities include: 

o Research on the design and 

optimization of hearing aids 
consistent with emerging 
knowledge of impaired 
auditory function. 

o Application of promising 

technologies and concepts to 
the design of improved hearing 
aids, including increased direc- 
tionality and noise suppression, 
higher functional gain and 



output levels, reduced acoustic 
feedback, adaptation to variation 
in input level and improved signal 
processing in reverberation. 

The potential for functional 
benefits associated with im- 
planted hearing aids that drive 
inner-ear structures directly 
should be investigated. 

o Development of improved tech- 

niques for the fltting, selection 
and validation of hearing aids 
for both children and adults. 

o Refinement of the theoretical 

basis, including standardized 
materials and methods, for 
evaluating hearing aid efficacy. 

o Evaluation of the efficacy of 

new and existing hearing aids, 
so that appropriate devices can 
be recommended to impaired 
listeners. 

o Evaluation of the efficacy of 

new hearing aid technology 
for specific subpopulations of 
individuals with hearing impair- 
ments, based on age, etiology, 
degree of hearing impairment 
and site of Irsion (sensory versus 
neural versus central). 

Neural Prostheses 

Implantable neural prostheses 
are increasingly used to treat profound 
sensorineural hearing impairment. 
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One type of prosthesis is placed 
directly in the cochlea; another is 
introduced within the auditory path- 
way of the central nervous system* 

The peripherally placed 
cochlear implant has become an 
accepted prosthesis for both adults 
and children* More than 80 percent of 
adult recipients of cochlear implants 
receive substantial benefit in com- 
munication when speechreading is 
possible and about one-half of these 
individuals are able to understand 
some speech without speechreading* 

Of those people who can understand 
speech without speechreading, about 
one-half are able to communicate by 
telephone* Substantial benefits have 
also be n observed for children, in- 
cluding those deafened prelingually; 
moreover, there is evidence that the 
benefits derived improve with contin- 
ued use of the prosthesis* New sound 
processing schemes based on high- 
rate, pulsatile stimulation have been 
shown to provide even greater levels 
of speech perception* 

Improved prostheses suitable 
for placement witbm the central audi- 
tory pathways have been developed* 
Initial studies of selected patients with 
auditory brain stem implants have 
produced encouraging levels of speech 
segment and word reception, and the 
potential of this approach for aiding 
deaf persons is great* Future refine- 
ment of this approach should be 



pursued using strategies in which 
basic research results (e*g*, on the 
tonotopic organization of central 
structures) are interfaced with techni- 
cal and clinical research on electrode 
design and coding strategies* 

Research on neural prostheses, 
in addition to providing amelioration 
of hearing impairment, provides an 
important opportunity for examining 
auditory function as well as for study- 
ing maturation and plasticity within 
the auditory system* Research oppor- 
tunities in neural prostheses include: 

o Developing improved speech 

coding schemes capable of 
providing enhanced perception 
to more implant recipients* 

o Understanding the factors that 

determine the degree of benefit 
provided to a specific patient by 
a speciRc prosthesis and thereby 
facilitating the prediction of the 
potential for success before 
implantation* 

o Developing longitudinal studies 

of the development of auditory, 
speech perception and produc- 
tion and language skills in 
hearing-impaired children 
fitted with cochlear implants, 
hearing aids or tactile aids* 

o Investigating the potential role 

of nerve growth factor and other 
growth factors in stimulating 
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the regrowth and the mainte- 
nance of nerve terminals in 
the cochlea* 

o Studying the role of electrical 

stimulation in prolonging the 
survival of neural elements. 

o Developing improved electrode 

systems that will allow for a 
greater number of perceptual 
channels and increased channel 
selectivity, yet will be suitable 
for replacement as required. 

o Developing and studying 

electrode systems and coding 
techniques appropriate for 
central auditory system 
prostheses. 

o Developing and validating 

models of the factors that 
affect electric-current spread 
in auditory structures. 

o Developing models of the ways 

in which electrical stimuli elicit 
distributed patterns of neural 
activity at various levels in the 
auditory system to achieve a full 
understanding of prosthetic 
function. 

Tactile Aids 

Studies of natural methods of 
tactual communication employed by 
the deaf and blind (e.g., the Tadoma 
method of speechreading and the 



tactile reception of sign language and 
Hnger spelling) provide evidence that 
the skin and proprioception can serve 
as useful communication channels. 
Thus, there is strong evidence that 
successful prosthetic devices can be 
developed based on coding acoustic 
signals for the tactile and kinesthetic 
senses. Several multichannel tactile 
aids have been developed and are 
currently being used by deaf people* 

o Coding techniques capable of 

extracting the necessary infor- 
mation-bearing cues from the 
acoustic speech signal and 
encoding the required tactile 
sensations should be developed. 

u The efficacy of existing tactile 

aids, particularly in children 
after extended periods of use, 
should be studied. 

Supplements for 
Speechreading 

Recent advances in speech 
processing and automatic speech 
recognition technologies may provide 
substantial benefits to hearing- 
impaired individuals who rely on 
speechreading for communication. 

The visual signal is impoverished so 
that, for example, distinctions between 
consonants based on voicing are not 
easily made* When the resulting confu- 
sions are resolved, as in the case of 
manually cued speech, near normal 
communication is possible using vision 
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alone. Even simple auditory and tactile 
signals can improve speechreading 
substantially. Recent research greatly 
increases our understanding of the 
beneHts to be expected from these 
supplements and may permit analysis 
in clinically useful terms. 

o Additional research on audi- 

tory supplements is required 
to establish how to select and 
match the supplementary signal 
to the characteristics of the 
impaired auditory system. 

o The application of speech 

recognition technology to the 
automatic generation of cued 
speech also warrants study. 
Research is needed to develop 
recognition and display tech- 
niques appropriate for speech- 
reading supplementation and 
also to establish the levels 
of performance that must be 
achieved if useful benefits are 
to be provided. 

Telecommunication 

Devices 

Research is needed to develop 
and evaluate visual technologies for 
hearing-impaired individuals such 
as visual telephone communication^ 
electronic mail» video conferencings 
Videotex and real-time captioning. 



Application of these technologies has 
important implications for maximizing 
rehabilitative opportunities for indi- 
viduals with hearing impairment. 

Auditory Rehabilitation 

Adults and children with 
acquired sensorineural hearing loss 
require rehabilitative interventions 
including opportunities to adjust to 
diminished hearings to adapt to 
sensory prostheses and to develop 
improved speech perception skills in 
visual, auditory and auditory-visual 
modes. Much of the applied work in 
this area has developed with minimal 
guidance from research. The establish- 
ment of a scientific basis for continu- 
ation and expansion of this work is 
a high priority. Specific research 
opportunities include: 

o Establishment of the prerequi- 

sites and essential components 
of effective rehabilitation. 

o Establishment of appropriate 

and realistic expectations for 
the outcome of rehabilitative 
strategies. 

o Establishment of the need for 

and efficacy of rehabilitative 
intervention in various pop- 
ulations with acquired senso- 
rineural hearing lo» i. 
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Summary of 

Research 

Recommendations 

Research Opportunities 
in Hearing 

Transduction and Homeostasis 

o Measure the mechanical 

changes in hair bundles during 
transduction and adaptation 
and determine how these 
mechanical changes affect 
basilar-membrane motion. 

o Elucidate the mechanism of 
outer-hair-cell motility and 
investigate the role of this 
process in frequency tuning 
on the basilar membrane. 



o Identify and characterize the 

molecular substrates underlying 
transduction, motility and cellu- 
lar homeostasis. 

o Examine the homeostatic pro- 

cesses that regulate the cochlear 
environment, including the 
control of blood flow, ionic 
balance and intercellular 
communication. 

o Construct cDNA libraries repre- 

senting messages for proteins 
involved in transduction, motil- 
ity and ionic regu^.ution; probe 
the libraries in an effort to iden- 
tify and sequence the proteins 
that are the transduction chan- 
nel, the adaptation motor, the 
afferent transmitter receptor 
and growth-factor receptors. 

Sound Processing in the Brain 

o Study the functional connec- 

tions of neurons and synaptic 



o Relate the unique structure of 
the hair cell’s afferent synapse 
to its role in sensitive, high- 
frequency synaptic transmission 
and identify the hair cell’s 
neurotransmitter and its 
postsynaptic receptor and 
signaling mechanisms. 



mechanisms at all levels of the 
auditory system. 

o Relate neurophysiologic 

descriptions of the auditory 
system to animal and human 
psychophysical data. 
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o Characterize fully the afferent 

and efferent auditory systems. 

o Study the potential for central 

reorganization subsequent to 
peripheral or central injury, 
determining the plasticity of 
the mature auditory system and 
the impact of modiHed auditory 
input upon its organization. 

o Develop models to provide con- 

cise descriptions of normal and 
abnormal auditory function. 

Auditory Perception 

o Define the relations between 

complex acoustical signals 
and the resulting perceptual 
experiences of listeners. 

o Elucidate the perceptual 

correlates of sound coding in 
the auditory nervous system. 

o Enhance the understanding 

of sound location in animals 
and humans. 

o Relate emerging knowledge 

about perceptual organization 
to the development of a com- 
prehensive model for auditory 
perception of spoken language. 

o Extend research conducted on 

listeners with normal hearing 
to study the consequences of 
sensorineural hearing loss on 



the perception of complex 
sounds and spoken language. 

Development, Aging 
and Regeneration 

o Assess the normal life cycle of 
the auditory system, including 
the deRnition of critical periods 
for the development of auditory 
processes. 

o Evaluate the limits of neural 

plasticity in the auditory system. 

o Define the influences of 

environmental, nutritional 
and pathologic factors that 
compromise the normal life 
cycle of the auditory system. 

o St\Ay the embryonic mecha- 

nisms for the formation of the 
normal ear and characterize 
the mechanisms underlying 
normal cell proliferation and 
differentiation. 

o Study the developmental course 

of complex sound and speech 
perception in infants and young 
children. 

o Elucidate the many aspects 

of age-related hearing loss in 
animals and humans. 

o Isolate and identify molecular 

events that evoke proliferation 
leading to the replacement of 
lost sensory cells. 
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o Assess the roles of known and 
suspected growth factors that 
may influence the production 
and development of replacement 
sensory cells and the formation 
and maintenance of their con- 
tacts with neurons. 

o Explore the molecular, 

morphologic, physiologic and 
behavioral consequences of 
sensory cell regeneration. 

o Identify the mechanisms that 

determine neuronal survival 
and explore paradigms that 
may protect and maintain 
auditory neurons after trauma 
or deprivation. 

o Characterize the morphogenetic 

processes of the embryonic ear. 

o Identify the intercellular signals 

that regulate developmental 
specialization of cells that perform 
the sensory and supporting 
functions of the cochlea. 

o Determine which growth factors 

mediate the trophic interde- 
pendence of sensory cells and 
neurons in the auditory system 
and assess the strength and the 
timing of those interactions in 
normal development and during 
regeneration. 

o Investigate the potential for 

sensory cell replacement and 
regeneration in mammals. 



o Study the role of electrical 

stimulation in prolonging 
neuronal survival. 

Research Opportunities 
in Hearing Impairment 

Hereditary Hearing Impairment 

o Map, isolate, clone, sequence 

and characterize genes respon- 
sible for hearing impairment 
in humans and animals. 

o Solicit the participation of fami- 

lies in studies of hereditary 
hearing impairment. Educate 
professionals serving people 
with hearing impairment 
regarding selection criteria 
for these families. 

o Develop clinical and physiologi- 

cal tests which identify carriers 
of recessive hearing loss genes. 

o Develop comprehensive inner 

ear-specific cDNA libraries from 
humans and laboratory animals. 

Acquired Sensorineural Hearing Loss 

o Study the incidence, pathophysi- 

ology and treatment of hearing 
loss and ear disease associated 
with human immunodeficiency 
virus and the opportunistic 
infections it causes. 
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o Study the incidence, pathophysi* 

ology, diagnosis and trc^atment 
of hearing loss associated with 
viral and bacterial infections. 

o Study the natural history, 

biology, treatment and rehabili- 
tation following treatment of 
neoplasms which affect the 
temporal bone. 

o Study the effects of trauma, 

environmental factors and 
ototoxic drugs on hearing; 
new means of establishing 
the causal relationship of 
the hearing impairment to 
the traumatic event or injurious 
agent; improved screening 
techniques for prevention; 
location of the insult within 
the auditory system; and iden- 
tification of the molecular 
mechanisms underlying this 
damage so that strategies for 
treatment can be developed. 

o Study the possible causes of 

acquired sensorineural hearing 
loss of infancy to establish pre- 
cise causes so that preventative 
interventions can be developed. 

o Study the normal immune host 

responses involved in diseases 
of the middle and inner ears. 

o Establish and investigate 

animal models of autoimmune 
sensorineural hearing loss. 



determine the inner-ear targets 
of autoimmunity, develop spe- 
ciRc and sensitive diagnostic 
tests for this condition in 
humans and conduct controlled 
treatment trials to determine 
safe and effective therapeutic 
intervention. 

o Study the idiopathic forms of 

hearing loss, such as otosclerosis 
and perilymphatic fistula, with 
attention toward establishing a 
cause, improving diagnosis and 
determining efficacy of treatment. 

o Determine the natural history, 

pathogenesis and treatment 
of tinnitus. 

o Perform clinical trials to 

determine the most efficacious 
treatments for the various 
causes of sensorineural 
hearing losses. 

o Study the natural history, 

epidemiology, diagnosis, 
pathogenesis and treatment 
of Meniere’s disease. 

o Establish more sensitive diag- 

nostic tests for viral deafness, 
separation of peripheral from 
central causes of hearing loss, 
neuroHbromatosis type 2 and 
thos^ at increased risk for 
noise-induced hearing loss 
and ototoxicity* 
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o Apply newer research techniques 

involving molecular biology, 
immunohistochemistry, electron 
microscopy and computer- 
assisted reconstruction to the 
study of the temporal bone. 

o Establish a national consortium 

to create cDNA libraries of the 
inner ear so that this technology 
can be made available to investi- 
gators in the field. 

o Develop national registries to 

collect epidemiologic data on 
hearing impairment as well as 
diseases which affect the ear. 

otitis Media, Otosclerosis and 
Other Middle-Ear Disorders 

o Study the epidemiology and 

incidence of otitis media among 
multicultural populations with 
attention to environmental 
versus genetic factors. 

o Study the anatomy, biochem- 

istry and development of the 
eustachian tube and its role in 
otitis media and maintenance 
of middle-ear gas composition. 

o Study the cellular elements and 

their function in the middle ear. 

o Study the microbiology, 

immunology and biochemistry 
of the middle-ear inflammatory 
response. 



o Study the role of local and 

systemic immune responses in 
the pathogenesis and recovery 
from otitis media. 

o Develop vaccines for the 

prevention of otitis media 
and meningitis. 

o Develop diagnostic measures 

for otitis media in infants under 
six months of age. 

o Study existing and new treat- 

ment modalities for otitis 
media to establish their efficacy 
and safety. 

o Study the long-term sequelae 

of otitis media on middle- and 
inner-ear function, middle-ear 
and mastoid pathology and 
speech, language, perceptual 
and cognitive development. 

o Study the epidem « ology and 

the molecular and cellular 
mechanisms invoi . od in the 
pathogenesis of otosclerosis. 

o Develop a precise diagnostic 

test or assay for perilymphatic 
fistula. 

o Study the micromechanics of the 

conductive hearing apparatus 
and develop improved middle- 
ear implants and electro- 
mechanical or electromagnetic 
drivers of the ossicular chain. 
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Assessment, Diagnosis, Treatment 
and Rehabilitation 

o Develop and validate new pro* 
cedures to identify hearing loss 
and evaluate the perceptual 
consequences of hearing loss. 

o Develop and evaluate new tech* 

niques for effective auditory 
rehabilitation of children and 
adults with hearing impairment. 

o Continue the development and 

evaluation of sensory aids for 
persons with hearing impair* 
ment including hearing aids, 
cochlear implants, auditory 
brain stem implants, tactile aids 
and speechreading supplements. 

o Continue the development and 

evaluation of visual technologies 
for individuals with hearing 
impairment. 
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Overview 

Emergence of Voice 
Science and the Science 
of Voice Disorders 

Voice production (phonation) 
is the generation and modulation of 
sound and is a subset of the more global 
process of speech production* Disorders 
of voice involve difficulties with pitch, 
loudness and quality* Voice disorders 
can be distinguished from articulation 
disorders, which present difficulties of 
speech sound production* Many people 
who have acquired normal speaking 
skills become communicatively im- 
paired when their vocal apparatus 
fails* This impairment is important in 
modern society because there is much 
demand for effective speech and oral 
communication* 

Additional demands on the 
voice are made because of negative 
influences from noise and pollutants 
in the environment* There are also 
increasingly larger populations of the 
aged and hearing-impaired persons 
and people under psychological and 
physical stress* Voice production is 
not the only function of the larynx 
(voice box)* This organ plays a vital 
role in protecting the tracheobronchial 
tree, particularly during swallowing* 



Within the last decade, the field 
of voice science has expanded in several 
ways. A large new knowledge base has 
been developed on the mechanisms of 
phonation* Awareness of voice disor- 
ders has increased* A clinical delivery 
system has emerged with improved 
diagnosis and treatment of individuals 
with voice impairment, laryngeal 
pathology and swallowing disorders* 
These developments have resulted 
in the need to address research strate- 
gies in the voice and speech systems 
separately* 

Interaction of the Voice 
and Speech Systems 
and Their Disorders 

In the context of communication, 
voice is an acoustical representation of 
language* It is a product of laryngeal 
and upper aerodigestive tract adjust- 
ments that act upon and interact with 
the respiratory airstream to create the 
physical disturbances we perceive 
as sounds* The respiratory system, 
which is an integral part of the voice 
production system, provides the 
energy source and must be coordinated 
with laryngeal valving and upper 
aerodigestive tract modulation of 
the respiratory airflow* Vocal tract 
shaping above the larynx in the hy- 
popharynx, pharynx, nasopharynx, 
oral cavity and nasal cavities affects 
the quality of the voice and is also part 
of the voice-production system* 
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Speech involves adjustments 
of the pharynx, tongue, velum (palate), 
lips and jaw, which modify and enhance 
the sound source. Articulatory valving 
and obstructions of the airflow can 
produce major downward modulations 
on glottal function. This is only one 
example of the close interaction be- 
tween the voice and speech systems. 
Other signiHcant interactions result 
from the effects of tongue position on 
the height of the hyoid bone and larynx 
during speech. 

The same upper aerodigestive 
tract structures involved in voice and 
speech production are also required to 
coordinate the activity of swallowing. 
Therefore, although normal structure 
and function and diseases and disor- 
ders of the voice, speech systems and 
swallowing can be studied indepen- 
dently, their interrelations also need 
to be studied. 

Background 

The larynx is a valve structure 
between the trachea (wind pipe) and 
the pharynx. It has a skeleton consist- 
ing of several cartilages, the largest 
of which is attached to the hyoid bone 
in the upper part of the neck. Muscles 
covered with mucous membrane form 
the vocal folds, which are moved apart 
to open the larynx or are pulled to- 
gether for closure. 

An important role of the larynx 
is protection and maintenance of the 



airway. The vocal folds are separated 
during inspiration, and air passes into 
the trachea to the lungs. During expi- 
ration, movements of the vocal folds 
participate in the control of the rate 
of airflow out of the lungs. During 
swallowing, the larynx is elevated, 
moves anteriorly and is closed tightly, 
while the tongue and pharyngeal 
muscles move food or fluid into the 
esophagus. During a cough, the vocal 
folds close while expiratory muscles 
contract to increase pressure in the 
lungs. The larynx opens abruptly, 
air rushes out and mucus or foreign 
matter is ejected from the tracheobron- 
chial tree. If the larynx is irritated by 
particulate matter, reflex closure of 
the vocal folds and coughing occur. 
These actions prevent life-threatening 
aspiration pneumonia. 

Voice or phonation is generated 
by airflow from the lungs as the vocal 
folds are brought close together. The 
vocal folds vibrate when air is pushed 
past them with sufHcient pressure. 

The vibration of the folds causes the 
airflow to become pulsed. This pulsed 
airflow is then modulated by aerodi- 
gestive tract structures (the pharynx, 
oral cavity and nasal cavities) to 
produce the sound that is perceived 
as voice during speech. Without 
normal vibration of the vocal folds 
in the larynx, the sound of speech is 
absent and words can only be mouthed. 
They cannot be heard or understood 
by others, either in face-to-face 
conversation or over the telephone. 
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To produce a whisper, the vocal folds 
need to be partially separated, and 
speech can only be understood by 
persons very close by. 

When vocal fold vibration is 
impaired, sound generation for speech 
is affected. An absence of one vocal fold 
may result in voice loss or impairment. 
Absence of both vocal folds results in a 
loss of voice or aphonia. This happens 
when the larynx is removed, as may be 
required in laryngeal cancer. Growths 
on one or both of the vocal folds can 
change the mechanical properties of 
the tissue, which affect its vibration. 
Lesions, such as polyps, result in a 
hoarse voice caused by irregular vocal 
fold vibration. Other tissue changes, 
such as nodules, edema or contact 
ulcers, can also cause a hoarse voice. 
Papillomatosis, a spreading of wart- 
like growths on the vocal folds, also 
interferes with voice production by 
limiting vocal fold vibration and the 
intake of air through the larynx to 
the lungs. 

The nerves controlling the func- 
tions of the larynx can be impaired as 
a result of accidents, surgical proce- 
dures or viral infections. When the 
motor nerves on one side are affected, 
the muscles moving the vocal fold are 
paralyzed and the vocal folds cannot 
come close enough to the center of the 
larynx. In such individuals, there is 
excessive air loss between the vocal 
folds during phonation, which results 
in a breathy voice. When the nerves on 



both sides of the larynx are affected, 
the muscles may not separate the vocal 
folds properly for breathing. This 
situation may occur in some motor 
neuron diseases or following opera- 
tions on or trauma to the neck. 

Both unilateral and bilateral 
laryngeal nerve paralysis can result 
in aspiration during swallowing, 
because laryngeal movement is 
reduced and the larynx does not close. 

Loss of laryngeal sensation can 
also be a problem. A sensory loss alone 
can result in food or liquid entering 
the trachea, and aspiration can cause 
pneumonia. 

The complex functions of the 
upper aerodigestive tract can be se- 
verely impaired by diseases of the 
central nervous system. Both sensory 
and motor lesions can significantly 
impair reflex control as well as voluntary 
control. Brain stem damage is particu- 
larly devastating to swallowing function. 

Laryngeal movement disorders 
have only recently been studied sys- 
tematically. In spasmodic dysphonia, 
the muscles of the larynx contract 
abnormally during speech, causing 
uncontrolled pitch and voice breaks 
and sometimes affecting swallowing 
and breathing. Vocal fold tremor, 
a disorder attributed to rhythmic 
contractions of the muscles of the 
larynx, causes the voice to quaver 
with frequent pitch and voice breaks. 
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Another disorder, E aryngospasm, 
is an uncontrolled closing of the vocal 
folds, which interferes with breathing* 

Interpersonal stress and 
psychological factors can have a 
profound impact on the upper aero* 
digestive tract* This is not surprising, 
as the voice directly expresses 
emotion, and eating is a frequent 
focus of psychogenic disorders* 

Incidence, Prevalence 
and Impact on Society 

Most of the statistics regarding 
voice disorders are from studies of 
schoobage children* In these popula- 
tions, estimates of the incidence of 
voice disorders range from six to 
23 percent* The majority of these 
children have hoarseness, which 
has resulted from vocal abuse* 

There are no data available on 
the incidence of voice disorders in the 
general adult population* However, 
voice disorders are believed to be 
more common in older adults* Voice 
and swallowing problems are very 
frequent in patients with acquired 
neurogenic diseases* 

The economic impact of voice 
disorders on our society cannot be 
accurately assessed* However, voice 
disorders can have devastating 
effects on individuals, interfering 



with speech* Often, individuals are 
unable to function in work situations* 
Use of the telephone may be impossible 
without utilizing a telecommunication 
device for the deax (TDD) and some 
individuals are forced to rely on 
writing for communication* Careers 
can be lost or limited because of the 
onset of a voice disorder* 

Impairment of respiration or 
swallowing can be life threatening* 
Often, the only available treatment 
results in a loss of voice* When 
swallowing is severely affected, 
nonoral feeding is required and 
the quality of life is diminished* 



Recent 

Accomplishments 
and the Current 
State of Research 

Normal Structure 
and Function 

Laryngeal Physiology 

The biomechanics of laryngeal 
behaviors that produce different move- 
ment trajectories during respiration, 
airway closure, swallowing, coughing, 
singing and speech have been studied* 
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Recently, properties of laryngeal 
muscles have been found to differ from 
properties of other muscles. Laryngeal 
muscles are resistant to fatigue, are 
able to contract rapidly and are less 
susceptible to injury. Experimental 
studies have demonstrated the possi- 
bility of reinnervation of the laryngeal 
muscles after neural injury with and 
without surgical intervention. 

Lifespan Changes 

Research has revealed speciRc 
anatomical, physiological and bio- 
chemical alterations with maturation 
of the upper aerodigestive system. 
Laryngeal position and configuration 
change during development and with 
aging. Swallowing is also affected by 
aging. Prolongation in oral transit 
times and delay in initiating the 
pharyngeal phase of swallowing have 
been defined in the elderly. Changes 
in laryngeal muscle contraction behav- 
iors with maturation have also been 
reported. As well, the cellular biology 
of the upper aerodigestive system has 
been found to change with age. 

A series of histochemical, 
ultrastructural and stereological 
investigations have been initiated 
on the aging human larynx and its 
innervation. Studies on animal 
models have demonstrated a number 
of changes in morphologic parameters 
that are likely to play key roles in the 



mechanisms underlying age-related 
laryngeal dysfunction. In addition, 
studies on the human superior 
laryngeal nerve have shown a large, 
selective loss of the smallest nerve 
fibers. This finding may help to explain 
the age-related dysfunction of the 
laryngeal protective mechanism. 

The use of organotypic cultures 
to study epithelial-mesenchymal 
interactions and enhance epithelial 
differentiation in vitro has been 
stimulated by advances in dermatology. 
Application of these techniques to the 
larynx has provided insight into the 
plasticity of the adult human laryngeal 
epithelium. The differentiation path- 
way into either stratified squamous or 
ciliated columnar epithelium can be 
modulated by changing the concentra- 
tion of retinoic acid in the medium. 

This understanding raises questions 
regarding the use of retinoids in 
chemoprevention of cancer, and it 
opens potential avenues of research. 

Exceptional Behavior 

Training of the voice leads to 
morphological and behavioral changes 
in the quality and health of the laryn- 
geal tissues. An understanding of these 
changes can improve the quality and 
health of the voices of nonprofession- 
als as well. 
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Voice training has an important 
impact on vocal function* Singers have 
greater frequency and intensity ranges 
and lower airflows* One consequence 
of these advances in knowledge is to 
include singers as a special population 
in descriptive databases* 

There is growing evidence 
that the voices of trained vocalists 
change less rapidly with age than 
those of their nonsinging counterparts* 
Further study may help develop pre- 
ventive programs for presbylarynx* 

In addition, singers appear to be better 
able to compensate for laryngeal 
deficits* This finding has implications 
in voice training for patients with 
vocal disorders* 

Animal Models 

Studies are under way to docu- 
ment the role of the central nervous 
system in the control of laryngeal 
behavior, vocalization and swallowing* 
Through the recording of electrical 
potentials from single neurons in 
awake, vocalizing animals, the func- 
tion of various structures is now being 
understood in the context of the 
behavior of a normal, healthy animal* 

Neural activity has been 
recorded concomitantly with 
electromyograms of the upper 
aerodigestive tract to investigate 



the integrative actions of the larynx 
and the rest of the respiratory system 
in behaviors such as vocalization 
and swallowing* 

Sets of neurons in the 
periaqueductal gray area of the 
midbrain have been documented to 
influence the activity of coordinated 
groups of neurons to the larynx and 
the rest of the respiratory system 
during vocalization* Neurons in the 
nucleus ambiguus are strongly 
influenced by cells of the midbrain 
periaqueductal gray area during 
vocalization and by cells of the 
nucleus tractus solitarius and reticular 
formation during swallowing* 

Techniques using multiple 
arrays of neural recording electrodes 
have been developed for the study of 
other systems in awake or anesthetized 
animals* As the software supporting 
technology develops, these techniques 
should yield data on large samples of 
simultaneously recorded cells and lead 
to an improved understanding of the 
functions of specific structures* 

Knowledge of the interactions 
between laryngeal sensory and motor 
systems has recently been advanced 
by the development of an animal model 
that can produce phonation even 
though the animal is completely anes- 
thetized* This preparation affords 
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researchers the opportunity to study 
the behavior of laryngeal motor neu- 
rons» sensory afferents of the larynx 
and the mechanisms of how phonatory 
control interacts with protective 
reflexes and swallowing. 

Anatomy and Physiology 
of Swallowing 

The application of electro- 
niyography, endoscopy, manometry 
and combined techniques (such as 
videofluoroscopy and manometry 
combined with computer image 
analysis) has offered new insights into 
normal and disordered swallowing. 

In the past five years, there has been 
recognition that swallowing is not one 
behavior bu ^ a set of behaviors that 
vary in thei^ temporal and kinematic 
characteristics. Some of the factors 
responsible for systematic variation 
in swallowing have been identiHed. 
These include bolus volume, viscosity 
and voluntary maneuvers. In particu- 
lar, the potential for volitional control 
over laryngeal movement, cricophar- 
yngeal opening and airway closure 
has been delineated. 

The physiology of the upper 
esophageal sphincter has received 
special attention relative to the 
mechanisms of opening and variations 
with bolus volume. The major elements 
responsible for opening of the upper 



esophageal sphincter have been 
deHned as: (1) relaxation of the 
cricopharyngeal muscle; (2) anterior 
and vertical laryngeal movement, 
which opens the sphincter; and 
(3) bolus pressure, which modulates 
the width of the opening. 

Advances in the 
Diagnosis and Treatment 
of Voice Disorders 

Vocal Fold Neoplasms 

The development of improved 
visualization of the larynx along 
with video recordings should lead 
to improved accuracy in th«! early 
diagnosis of laryngeal cancer. 

When such disorders are detected 
early, the prognosis for cure while 
maintaining voice function is good. 

Patients can now be fitted 
with prosthetic devices to redirect 
airflow and allow voice production 
soon after surgical removal of the 
larynx for treatment of laryngeal 
cancer. Previously, such patients 
had only two alternatives: to learn 
esophageal speech or to use a mechanic 
cal larynx or electrolarynx. Prostheses 
provide voice for speech with less 
training and without an external 
device. Refinements in design of 
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these prostheses should make speech 
sound more natural. 

Recent advances in the under- 
standing of recurrent respiratory 
papillomatosis should improve 
management of this disease and 
hopefully prevention. The viral cause 
and latency of the infection are better 
understood. Quite recently, it was 
shown that a major contribution to 
the mass of these tumors is derived 
from a failure of differentiation rat 
her than increased proliferation. 
Organotypic tissue cultures mirror 
this abnormality, thus providing a 
good model for studying potential 
modulations of the differentiation 
process. Interferon cannot eliminate 
the papilloma virus infection, but it 
may have a potential adjuvant role in 
managing patients with severe disease. 

Photodynamic therapy 
using agents that are absorbed by 
the tumor is currently being evalu- 
ated for respiratory papillomas and 
superficial malignancies. 

Vocal Fold Lesions and Glottal 
Insufficiencies 

Phonosurgery is a relatively new 
specialty that requires skill and new 
instruments for delicate operations 
on the vocal folds. Surgical techniques 
are being designed to improve and 
restore voice by removing benign 
growths, correcting structural 
abnormalities and repairing trauma. 



Previous common practices such as 
vocal fold stripping have been found 
injurious to the voice. Improvements 
in technique make it easier to restore 
normal vocal function. 

Neurogenic Disorders 

Neurogenic Disease 

Neurally based laryngeal 
problems account for a substantial 
portion of all voice disorders and such 
disorders are frequently the first signs 
of neurogenic disease. Recent techno- 
logical advances have made it possible 
to view the laryngeal structure and its 
gross movement patterns, as well as 
to make fine measurements of moment- 
to-moment changes in the cycles of 
vibration. Voice measurement tech- 
niques and computational analysis 
have yielded information delineating 
voice changes related to the early 
course of neurogenic diseases. This 
information may now be used to make 
earlier identification of some diseases 
and to allow investigators to have a 
measure against which to determine 
the efficacy of treatment. 

Laryngeal Paralysis 

Unilateral laryngeal paralysis 
can result in hoarseness and aspiration 
due to incomplete closure of the glottis. 
Vocal fold paralysis abolishes abduc- 
tion and adduction of the vocal folds 
and alters the configuration of the 
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glottis. The paralyzed vocal fold is 
shorter than the normal vocal fold 
and frequently lies at a different level. 
Compensatory behavior includes 
hyperadduction of the mobile vocal 
fold and anterior-posterior compres- 
sion of the glottis. 

Bilateral paralysis is potentially 
life threatening, because the airway 
is severely reduced. Established 
therapy is to perform a tracheotomy, 
move one vocal fold laterally or excise 
an arytenoid. Research is being 
conducted on alternative therapies, 
such as reinnervation of laryngeal 
muscles or artificially stimulated 
laryngeal movement synchronous 
with breathing. 

Many individuals w^ith clinically 
apparent laryngeal paralysis do not 
have muscle denervation that can be 
demonstrated by electromyography. 
These individuals seem to have partial 
neural lesions or ineffective neural 
regeneration. It is now known that 
recovery from paralysis requires 
not only regeneration of a sufficient 
number of motor nerve fibers but 
also the connection of nerve fibers to 
appropriate muscle fibers. Synkinesis 
is the simultaneous contraction of 
opposing muscles and results from 
the innervation of muscles by inappro- 
priate nerves. Research into nerve 
regeneration may elucidate factors 
that could prevent synkinesis. 



Spasmodic Dysphonia 

Spasmodic dysphonia is a voice 
disorder characterized by frequent 
voice and pitch breaks or a breathy 
voice. It is a focal dystonia of the 
larynx. Dysfunction results from 
involuntary contractions of laryngeal 
muscles during speech. Surgical 
division of the nerve to one side of 
the larynx can diminish the signs 
and symptoms of adductor spasmodic 
dysphonia, but the voice is frequently 
breathy and the long-term results 
are often not satisfactory. 

Several years ago, botulinum 
toxin was introduced as an experimen- 
tal treatment. Minute quantities of 
the toxin are injected into the affected 
muscles to produce temporary weak- 
ness. Recently, a National Institutes 
of Health consensus development 
conference judged this approach to 
be a safe and effective treatment for 
patients with adductor spasmodic 
dysphonia. Although it does not cure 
the disorder, it significantly reduces 
signs and symptoms, usually for 
periods of four to six months. 

Other Movement 
Disorders 

Movement disorders affecting 
the larynx, such as false laryngeal 
asthma or paradoxical movements, 
have been recognized. Information 
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concerning the effects of these 
movement disorders on voice and 
breathing and their remediation 
is emerging. 

Population Considerations 

Advances have been made in 
recognizing that the impact of vocal 
lesions is population-specific. For 
example, singers with vocal nodules 
may compensate sufHciently to mask 
vocal signs during speech but have 
difHculties singing. These population 
differences help explain some discrep- 
ancies in the existing literature and 
underscore the need to look at singers 
as a special population even when 
testing for voice disorders. 

Gastroesophageal Reflux 

Recent studies have elucidated 
a variety of disorders caused or aggra- 
vated by gastroesophageal reflux to the 
larynx and pharynx. These disorders 
include contact ulcers, subglottal 
stenosis, hoarseness, chronic cough, 
throat clearing and cancer. There is a 
need to understand more fully the role 
of acid and alkaline materials in the 
causes of these disorders. 

Technology 

There have been advances in 
computational tools, both hardware 
and software. Speed, memory, ease 
of use, cost and compactness have 



been improved. These developments 
have affected virtually all aspects 
of research in the larynx and upper 
aerodigestive tract. 

Analysis and interpretation 
of signals from electromyographic, 
electroglottographic, photoglotto- 
graphic, accelerometric and aero- 
dynamic transducers can now be 
accomplished with greater accuracy 
and ease. The use of microprocessors 
now permits multichannel data acqui- 
sition, near real-time quantification 
and graphic display of complex data. 
Furthermore, advanced signal process- 
ing techniques, in combination with 
the general availability of digital 
signal processing boards, have also 
made it possible to extract interpreta- 
tive data for scientific and diagnostic 
purposes in near real time. Improve- 
ments in performance and reductions 
in size and cost have also increased 
widespread clinical access to the 
new technologies. 

In conjunction with increasing 
computational capability and trans- 
ducer design, important progress 
has been made in imaging and the 
interactive display of three-dimen- 
sional laryngopharyngeal structures. 
There have been technological advances 
in videoendoscopy and related digital 
imaging, magnetic resonance imaging, 
computed tomography and ultrasound. 
Advances in available software make 
it possible to achieve quantitative 
evaluation of the images. 
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These developments have led 
to intraoperative applications that 
improve surgical results* Currently, 
intraoperative monitoring of vocal 
fold kinematics, electrical stimulation 
and acoustic outp'^t are being used* 
Further advancei, in surgical tech- 
nologies have included the use of 
endoscopic, Hberoptic, tunable lasers 
for treatment of disease of the airway* 

Augmentative and alternative 
communication devices and aids are 
beginning to include an increased 
variety of synthesized voices with 
better voice quality* These improve- 
ments include the choice of a more 
natural female or male voice* Further 
computational analyses and modeling 
of the human vocal tract should lead to 
the development of prosthetic devices 
with even more natural sounding voices* 



Program Goals 



The program goals for voice 
and voice disorders are to support 
research that will enable the acquisi- 
tion of new knowledge of a fundamental 
and applied nature that will enhance 
our under-standing of: (1) normal 
voice and swallowing mechanisms; 

(2) disordered voice and swallowing 



mechanisms; (3) evaluation processes 
for disordered voice and swallowing; 
and (4) therapeutic interventions for 
disorders of voice and swallowing* 
Broad goals include: 

o Support epidemiologic studies 

of the incidence, prevalence and 
impact of voice disorders, as 
well as the factors that cause or 
contribute to vocal dysfunction* 

o Foster research that examines 

the multiple functions of the 
larynx and upper aerodigestive 
tract in an integrated manner* 

o Encourage multidisciplinary 

research that studies interac- 
tions of molecular, cellular 
and organ systems within 
whole organisms* 

o Encourage studies of the efficacy 

and relevance of new technolo- 
gies, procedures and treatments* 

o Support acquisition of a data- 

base that permits the evolution 
of standai'ds for documentation 
of vocal function* 

o Facilitate training of scientists 

to study voice, voice disorders, 
swallowing and swallowing 
disorders* 
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Research 
Opportunities, 
Strategies and 
Priorities 

Normal Structure 
and Function 

Knowledge of normal structure 
and function is an important basis for 
understanding the voice and its disor- 
ders. Voice is produced by a unitary 
system consisting of functional sub- 
systems-respiratory, laryngeal and 
upper aerodigestive. It is important 
to understand how these subsystems 
act and interact with one another and 
to know the principles that govern 
the overall system’s potential to 
reorganize and adjust its behavior. 
Such information is also relevant to 
understanding both the adaptive and 
maladaptive behaviors of the voice- 
producing mechanism in response 
to laryngeal disorders or diseases. 

To be relatively comprehensive, 
the knowledge base about voice and 
its disorders should include data from 
several domains, such as the neural, 
muscular, structural, aeromechanical, 
acoustical and perceptual domains. 

It is al'io important to relate such 
knowledge to specific functions and 
forms of expression, including those 
that are psycholinguistic and artistic. 



Laryngeal Function in 
Vocalization, Respiration 
and Swallowing 

The use of common spatial 
and relational references should 
make it possible to use multivariate 
data to support the comprehensive 
modeling of laryngeal function and 
dysfunction. Studies are needed on 
a wide range of parameters to facilitate 
the integration of multivariate data 
from various research groups using 
different techniques. Contributions 
to this database should include infor- 
mation on morphology, physiology, 
molecular biology, cellular biology, 
biochemistry, histochemistry, immu- 
nocytochemistry, biomechanics, 

&ge» gender, cultural background 
and lifestyle. 

Emerging techniques make it 
possible to study the neural control of 
the larynx in vocalization, respiration 
and swallowing in humans and animals. 
Such studies should address the 
ways in which the nervous system 
integrates the control of these behav- 
iors autonomously and in response 
to changes in sensory inputs to the 
nervous system. Additional work 
needs to be done on defining mecha- 
nisms in terms of receptor type and 
pathways for the cough, gag and 
swallow reflexes. 

There is a need to delineate 
the effects of sensory input from bolus 
characteristics, respiratory para- 
meters and voluntary control on 
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timing, the extent of laryngeal ele- 
vation and closure and pharyngeal 
contraction during swallowing. 

Recently developed noninvasive 
techniques, such as transcranial mag- 
netic stimulation and sensory evoked 
potentials, offer new opportunities for 
research on humans. These techniques 
can be used for mapping the cortical 
control of the larynx. 

Electrical stimulation of the 
recurrent nerve can elicit short- and 
long-latency reflexes and provide new 
insights into the on-line modifications 
of activity of the brain stem motor 
neuron pool during different phases of 
respiration, phonation and swallowing. 

Biomechanics of the Larynx 

To understand how vocal pitch 
and loudness and voice quality are 
controlled, it is important to study 
the mechanism by which the laryngeal 
and respiratory muscles move tissue 
and air. Study of the effectiveness of 
muscle groups working in concert is 
needed. The importance of the lubri- 
cating fluids on the vibratory behavior 
of the vocal folds is recognized, and 
further study is needed of the composi- 
tion and aberrations of this fluid layer. 

The biomechanics of complex 
laryngeal structures and material 
properties, which formerly posed many 
problems for quantitative analysis, can 
now be addressed by Hnite element and 
other computational means. In other 



Helds of biomechanics, the mechanical 
properties of skin, cartilage, fat, liga- 
ment, tendon and muscle have been 
studied extensively. The results give 
voice scientists a rich database for 
comparisons. The combination of 
new analytic tools and new databases 
makes the biomechanics of the larynx 
an attractive area of investigation. 
Progress in this area should lay the 
groundwork for simulation of recon- 
structive and augmentative clinical 
procedures. 

Studies of laryngeal movement 
and closure in relation to movements 
of the hyoid bone, pharyngeal wall 
and tongue base during swallowing 
in healthy adults of various ages can 
contribute to our understanding of 
normal bolus propulsion and airway 
closure mechanisms. 

Cellular and MolecUar Biology 
and Anatomy 

Normal laryngeal anatomical 
studies are needed in many species, 
including human postmortem speci- 
mens, on light microscopic and 
ultrastructural levels. These studies 
would provide an opportunity to define 
the distribution of extracellular matrix 
molecules, oncogene expression, 
growth factors (for example, epithelial 
growth factor) and growth-factor 
receptors as they relate to normal 
structure of the larynx. Organotypic 
cultures would permit the study of 
the effects of modulating these com- 
ponents. This research could be done 
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through changes in culture conditions, 
such as hormone additions and altered 
matrix components or through inser- 
tion of genes into cells that would 
express growth-factor receptors, etc. 

Animal models should be 
studied to determine their similarities 
to and differences from the cellular 
structure of the human larynx. 
Transgenic animals could be used 
to define and dissect interactions of 
multiple components at molecular 
function and anatomic levels. Shifts 
in the relation of these components 
have been implicated both in disease 
processes and in wound healing. 

There have been few studies 
addressing the cellular and molecular 
mechanisms of the central nervous 
system in the control of the larynx for 
vocalization and swallowing. Descrip- 
tive studies are needed to establish the 
baselines from which various neuro- 
genic disorders affecting laryngeal 
function can be understood. Studies 
are needed on the biochemical and 
structural specializations character- 
istic of laryngeal muscle fibers and 
their innervation. 

Quantitative, three-dimensional, 
geometrically referenced anatomical, 
cellular and biochemical studies are 
needed in all of the above areas. 



Control of Pitch, Loudness, 
Register and Vocal Quality 

Over the past decade, functional 
models have enhanced the available 
knowledge of the dynamic behavior 
of the vocal folds. Electromyographic 
studies have increased understanding 
of the role of the extrinsic and intrinsic 
laryngeal muscles in the control of 
pitch. The results of these studies 
have suffered, however, from the small 
populations sampled and from indi- 
vidual variations. Systematic work on 
the control of pitch, loudness, register 
and quality should be continued. 

Concentrated work is needed 
on the role and interactions of speciHc 
muscles and of their aerodynamic 
effects in relation to changes in the 
length, shape, configuration and 
forces of the vibrating structures. 
Studies should consider laryngeal 
function and the interaction of the 
larynx with the dynamics of the entire 
upper aerodigestive tract. In addition, 
work in this area should be extended to 
include subject populations other than 
those studied to this point. Attention 
should also be devoted to control 
mechanisms in the singing voice. 
There is a need to delineate the 
acoustic to perceptual transform in 
voice-quality disorders. Advances in 
signal analysis, control and synthesis, 
combined with psychophysical proce- 
dures, make the time ripe to gather 
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information that would be of use in 
determining those aspects of the 
voice signal that give rise to the 
perception of disorder and its 
quantities* Age, gender and cultural 
variables warrant attention. 

Vocal Tract Component 
Interactions 

The interactions among 
phonation, respiration, swallowing 
and articulation are important. 
Research should stress the role of 
the respiratory system as an energy 
source for the voice. Further study 
should be given to acoustics and 
biomechanical interactions, particu- 
larly the effects of vertical movements 
of the larynx and source-filter effects 
related to adjustments in the pharynx. 
Additional demands such as increased 
loudness may bring additional loads 
to the system. Although such demands 
have been studied, they must be more 
clearly defined for different types of 
vocalization as in whispering, breathy 
phonation or as a coping strategy 
accompanying a disease state. In 
addition, the role of changes of 
supraglottic and subglottic acoustic 
and aerodynamic pressures in vocal 
function and training could be better 
understood if the neural sensors that 
help control the process were more 
clearly defined. 



The dynamic behavior of the 
larynx and its role as an articulator 
in speech need further attention. 
Studies focused on the control of 
timing of laryngeal behavior in 
coordination with respiratory 
and articulatory activity may shed 
considerable light on communication 
disorders. Interactions between 
timing and pattern of laryngeal 
movements during swallowing, 
as a result of oral sensory input 
and depending on the respiratory 
status, are important but poorly 
understood and deserve further study. 

Role of the Larynx and Pharynx 
in Swallowing 

The control of the larynx and 
pharynx in the swallowing process 
deserves further study. The systematic 
effects of sensory input from bolus 
variables are beginning to be under- 
stood. More research is needed on 
the effects of systematic changes in 
laryngeal and pharyngeal function 
during swallowing on various bolus 
types and on using various voluntary 
controls. This research has implica- 
tions for the evaluation and treatment 
of individuals with dysphagia. Studies 
of peripheral and central mechanisms 
controlling laryngeal and pharyngeal 
transitions among respiration, 
swallowing and phonation are 
also relevant to the management 
of dysphagia. 
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The Use of Animal Models 

Much of the information 
currently available on the neural 
control of the larynx has come from 
animal studies. Attention should be 
given to the similarities and possible 
differences in human laryngeal physi- 
ology to that of other species proposed 
as models for human voice production 
and swallowing. This research is 
fundamental to an understanding of 
developmental structure and function. 

The use of multiple electrode 
arrays for the recording of small 
populations of neurons in the brains 
of animals should be used to define 
neural mechanisms of laryngeal 
control. This technique should lead 
to more rapid development of models 
of the neural control of specific 
behaviors. 

Electrically or chemically 
elicited phonation from the periaque- 
ductal gray area of the midbrain or its 
immediate surroundings in anesthe- 
tized animals should be used to study 
the function of laryngeal motoneurons, 
sensory afferents of the larynx and the 
mechanisms of how phonatory control 
interacts with protective reflexes and 
swallowing. This animal model may 
also be used for experimental manipu- 
lation of laryngeal biomechanics and 
studies of the effects of tissue alterations. 

Information gained from the 
anesthetized animal needs to be tested 
in the awake, vocalizing or swallowing 



animal. Only in the awake animal can 
the interactions among all structures 
of the upper aerodigestive tract be 
studied during normal vocalization, 
swallowing and respiration. The use 
of chronic single or multiple neuronal 
recordings combined with voice, 
electromyography and pressure 
recordings should be expanded to 
learn how the central nervous system 
controls the complex interactions of 
the larynx during vocalization and 
swallowing. 

Development 

The development of vocalization 
and swallowing, gender differences in 
these functions and their aging are 
fertile areas of study. Detailed com- 
parative descriptions are needed that 
could be used to facilitate the selection 
of models appropriate to human function. 

Embryology 

Current knowledge consists of 
a series of well-defined, descriptive 
reports of different stages of laryngeal 
development in several species, includ- 
ing humans. Precursors of the larynx 
consist of two cell populations, epi- 
thelial and mesenchymal elements 
that interact continuously during 
development. The mechanisms of 
epithelial-mesenchymal tissue 
interactions that are driving forces in 
the normal development of the larynx 
and the way that these interactions 
affect cell differentiation and final 
organotypic form require study. The 
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understanding of the embryology of 
this unique organ, therefore, is still 
quite limited as is the understanding 
of the repair processes in the injured 
larynx. Attention should be directed 
to the study of the anatomic and physi- 
ologic effects of operations on the 
infantile larynx. 

Critical Periods 

Critical periods for optimum 
development of vocal control, as well 
as periods when a speaker may be at 
risk for developing dysphonia, have 
been recognized, but they have not 
been adequately studied. The critical 
periods that are particularly impor- 
tant for the prevention and treatment 
of voice disorders include infancy, 
chi dhood, puberty and other life cycle 
stages characterized by hormonal 
changes. The development of hearing 
impairment or subjection to a noisy 
environment at any time may produce 
critical periods for the development 
of voice disorders. 

o Infancy: A time when there are 
many unique structural and 
functional changes occurring 
in this highly specialized system, 
and the infant is experimenting 
with vocal controls during playful 
or demanding vocalization, often 
at loud levels for long durations. 

o Children: A time when commun- 
icating out of doors over large 
distances and athletic C'>mpeti- 
tion place demands on the voice 



that may result in misuse and 
abuse. Alteration of pitch, 
particularly by boys, increases 
the chance of voice disorders. 

o Puberty: A time when there is 
rapid growth in the larynx re- 
sulting in vocal fold lengthening 
with perhaps insufficient time 
to allow for proper mechanism 
adaptation. That this adaptation 
is not always done readily results 
in abnormal attempts to main- 
tain the higher childlike voice at 
the expense of vocal strain and 
poor vocal quality. These vocal 
characteristics may result in 
unwanted attention and have a 
^ ' major effect on the psycliosocial 
development of the speaker. 

o ^Hormonal changes: Times when 
/ ^ masculinizing tumors or male 

hormone therapy, pregnancy or 
\ ' pienopause result in edematous 

t '^changes in the larynx. Studies 

are needed to determine the time 
periods during which the problem 
is reversible. Research is needed 
, - to understand the role of andro- 
genic hormones and how their 
* effects can be prevented or 
ameliorated. 

* 

-Vocal Control 

r ' 

Research studies are needed 
. to characterize voice production as 
' it relates to the developing structure. 

A major concern is the control of pitch, 
loudness, register and voice quality 

• 
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with changes in structure of the larynx* 
Knowledge of normal structure and 
function in relation to age is requisite 
for understanding voice production, 
for developing standards of tests for 
the early detection of disorders and 
for determining the efficacy of various 
forms of treatment* This information is 
also valuable in developing theoretical 
models of the cause of voice disorders* 

Effects of Hearing 
Impairment on 
Developmental 
Vocal Control 

Individuals with congenital 
and later-onset hearing impairment 
may have disorders of pitch and loud- 
ness control, as well as distinctive 
abnormalities in voice quality* Only 
limited attention has been given to 
the critical periods for the habilitation 
and rehabilitation of vocal control in 
these populations* Attention needs to 
be given to the use of biofe ^dback and 
motor learning in training vocal 
control in hearing-impaired persons* 

The effect of cochlear implan- 
tation on voice quality in the prelin- 
gually and postlingually deaf persons 
should also be studied further* 

Vascular Function 

The circulation of blood and 
its autonomic control in the larynx 
and the possible relationships to 



biomechanical changes, vocal fatigue 
and laryngeal lesions require study* 
Further research is needed on the 
relation between circulatory changes 
and the function of the upper aero- 
digestive tract* 

Aging 

Preliminary observations 
indicate that some of the vocal 
alterations that have been ascribed 
to aging are perhaps not attributable 
to irreversible physiologic or anatomic 
changes. More research is needed to 
establish the true nature of aging voice 
and swallowing changes and to develop 
techniques to forestall or prevent these 
changes when they may inter! :re with 
a person’s life or livelihood* In addi- 
tion, irreversible changes need to be 
understood in depth* Study popula- 
tions should include normal speakers, 
octogenarians, nonagenarians, 
centenarians and special populations 
of voice users, such as singers* 

Cell Death 

The selective neuronal death 
in the brain stem as a consequence 
of aging should be studied* Study of 
this problem may provide important 
insights into understanding changes 
in voice control, respiratory function, 
reduced airway protection and bolus 
propulsion in older persons* In some 
neurogenic diseases, selective 
reduction in motoneuron pools that 
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modulate speech and breathing have 
recently been found. Research is 
needed to determine the degree to 
which selective cell death due to aging 
adversely affects voice, swallowing 
and respiration. 

Anatomy and Cellular 
and Molecular Biology 

The anatomy of the aging 
larynx has been described in human 
specimens obtained primarily from 
cadavers. There has been no detailed 
study of the aging process in other 
species in which a more uniform 
genetic background is possible. 

It would be very useful to collect 
molecular, cellular and anatomic 
information from aged larynges of a 
genetically defined species. Informa- 
tion is needed on the localization of 
extracellular matrix components, 
growth factors, oncogene expression 
and growth-factor receptors. This 
information should be compared 
with the data collected from normal 
young adult larynges and related to 
the reduced ability of the larynx and 
pharynx to recover from injury with 
aging and the increased susceptibility 
of the pharynx and larynx to general 
weakness and dysfunction when an 
elderly individual becomes debilitated. 

Muscle Atrophy 

It is known that muscle tissue 
gradually degenerates with age. This 
process involves an age-related cell 



death of motoneurons with subsequent 
reinnervation of denervated muscle 
fibers by the surviving motoneurons. 
Because this mechanism caii alter the 
number of muscle fibers innervated 
by each of the surviving motoneurons, 
this remodeling process can contribute 
to age-related changes in motor control. 
In addition, the muscle fibers may 
undergo age-related atrophy, hyper- 
trophy or cell death, which may be 
specific to the muscle fiber type. 

These changes can differ among types 
of skeletal muscles and should be 
important in determining the basic 
pathogenic mechanisms underlying 
age-related degenerative processes 
in the highly-specialized muscles of 
the larynx and upper aerodigestive 
systems. Because such changes are 
likely to be reflected in diminished 
capacities for vocalization, swallowing 
and respiratory function of the upper 
aerodigestive systems, the functional 
consequences of muscle atrophy 
should be an area of investigation. 

Deterioration of Joints, 
Ligaments, Membranes 
and Other Tissues of the 
Laryngeal, Pulmonary 
and Secretory Systems 

Vocal deterioration or swallowing 
disorders may result from restrictions 
in the movement of the glottal struc- 
tures, as well as from reductions in 
lubrication. Specifically, the cricoary- 
tenoid joint, which subserves vocal 
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fold abduction and adduction capabil- 
ities, tends to lose the freedom of 
movement because the capsule of 
the joint deteriorates. Changes in 
articular cartilage with thinning 
and irregularities of the articular 
surface have been noted with age. 
Further arthritic changes can result 
in a joint that is fixed. Little is known 
about the biology of this process. 

To correct these changes by means 
other than surgery, more information 
is needed on the cellular biology of 
cartilage and joint deterioration as 
it affects voice production and 
swallowing in the aging larynx. 

This knowledge might lead to medical 
or exercise therapy to help arrest or 
reverse the process* 

Stiffness and lack of elasticity 
limit the pliability of the aging larynx* 
This state affects the membranous 
cover, which results in less motion of 
the mucosal wave* With vocal stress, 
the vocal mechanism is less resilient* 
The mechanisms involved warrant 
further research* 

Atrophy of mucus-producing 
glands with aging can lead to changes 
in the fluid layer of the vocal folds, 
making clear phonation more difficult* 
Research is needed to determine how 
to improve the secretory process lead- 
ing to increased laryngeal efficiency. 



Exceptional (Trained) 

Vocal Behavior 

The larynx is an inefficient 
sound source in normal conversational 
speech. Typically, less than onepercent 
of the aerodynamic power of the lungs 
is converted to acoustic power in 
speech* As a result, the system might 
optimize itself for criteria other than 
efficient phonation* Undesirable vocal 
habits may be formed in various 
developmental stages* 

When people with poor vocal 
habits are thrust into situations that 
require prolonged periods of vocali- 
zation, especially with high intensity 
under high psychological or physical 
stress, the loss of efflciency takes its 
toll* Vocally trained people (singers, 
actors and public speakers) have 
learned to overcome some of these 
problems* 

The gifted or exceptional 
vocalist, either in speaking or singing, 
offers a very important model for the 
vocal evaluation of all voice users* 

The model establishes the limits of 
capability. In pitch control especially, 
it allows one to see what can be done 
with respect to range* This informa- 
tion can be used in the average-voice 
evaluation as a criterion* The same 
approach is applicable with respect to 
loudness* Questions of interest are: 



VOICE AND VOICE DISORDERS 



How far can the human voice 
be pushed without strain? What are 
its limits? 

Answers to these questions 
could lead to better care of people 
who have deficient usage. 

What is the basis for limited 
efficiency? Is it genetic? How is 
optimal efficiency achieved? 

How does the optimal user gain 
a greater range of pitch or loudness? 

The answers to these questions 
could lead to better care of a person 
with a narrow vocal range and low 
power. The results of the study of 
pitch, loudness and vocal quality 
control of this population should 
help to remediate vocal disorders, 
particularly in the direction of 
modifying behavior. 

Gender 

Gender differences in vocal 
production are currently under 
investigation. Research has shown 
that alterations in estrogen and 
progesterone levels cause cytologic 
and physiologic changes in the vocal 
folds. Reinke’s edema has been shown 
to have an increased incidence in post 
menopausal women. There is a need 
for research into the sites of hormonal 
influence, as well as hormonally 
affected changes in voice production. 



Glottal configuration differ- 
ences have been noted between males 
and females and deserve further 
investigation. 

Lifestyle 

Little is known about the 
effects of lifestyle (diet, smoking, 
drug use, exercise and alcohol con- 
sumption) on function of the larynx 
and upper aerodigestive tract. Study 
of these variables would enhance 
knowledge of fundamental mecha- 
nisms, including maladaptive 
behaviors that contribute to the 
development of disorders. Resulting 
data would also facilitate the design 
of prevention programs and early 
identification of dysfunction. 

Diseases and Disorders 
of the Larynx and Upper 
Aerodigestive Tract 

Diseases and disorders of the 
larynx and upper aerodigestive tract 
involve a complex physiologic system 
and affect functions of voice, respira- 
tion and swallowing. Although these 
problems are often grouped according 
to etiology, many are multifactorial in 
origin. For example, vocal fatigue may 
result from stress, structural abnor- 
malities, neuromuscular dysfunction 
and environmental factors. Hoarseness 
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may result from the combined effects 
of allergy and vocal abuse. Dysphagia 
may also result from multiple causes. 

Research into the problems 
listed below should include both 
focused studies of specific factors^ 
as well as multidisciplinary investiga- 
tions. Understanding may be enhanced 
by the synthesis of knowledge in two 
conceptual dimensions. A disorder 
may have an impact on multiple levels 
in the cell-tissue-organ system^ and a 
single problem may be the result of 
multiple causes. 

Studies should not necessarily 
be limited to the analysis of speciHc 
anatomic or physiologic disorders. 
When appropriate^ issues relating to 
gender^ race and cultural differences 
should be considered. Outcome studies 
may shed light on causes^ as well as 
strategies of prevention. 

Epidemiology 

Disorders of voice are increas- 
ingly recognized as a major health 
problem among persons of all ages 
and in all walks of life. The causes of 
voice problems are divt^rse and, in 
many instances, unknown. Despite 
rerognition of the devastating effects 
of voice problems, there are no reli- 
able data on the prevalence of voice 
disorders among any postpubescent 



population. Prevalence data are 
necessary for the adequate planning 
of health services. 

Structural Lesions 

Congenital and Acquired 
Diseases of the Larynx and 
Upper Aerodigestive Tract 

Congenital and acquired lesions 
result in dysfunction in thousands of 
infants and children each year. These 
disorders include cysts, webs or scar 
tissue or they may result from failure 
of normal development. Developmen- 
tal failure can result from interruption 
of epithelial-mesenchymal tissue 
interactions during organogenesis. 
Presently no animal m jdels exist 
to aid investigators in the study of 
these problems. The differentiation 
of genetic and environmentally 
induced laryngeal and pharyngeal 
anomalies is important. Understand- 
ing the mechanisms of these disorders 
should lead to improved treatment 
and perhaps prevention. 

Inflammatory and 
Infectious Diseases 
of the Larynx and Upper 
Aerodigestive Tract 

Research is needed to improve 
the understanding of inflammatory 
diseases of the larynx and upper 
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aerodigestive tract* Rhinitis, sinusit 
is and laryngitis affeci a high percent- 
age of the population, and they cause 
hoarseness and dysphagia and range 
in severity from local irritation to 
irreversible tissue damage. The 
results of research on prevention, 
early detection and intervention 
should help to limit the effects of these 
diseases. Newer endoscopic sinus 
surgical techniques appear to repre- 
sent an important technical advance, 
but studies are needed to reduce the 
associated complication rates and 
enhance long-term therapeutic ben- 
efits. Research designed to produce 
new medical treatments for infectious 
and allergic disorders is also needed. 

Laryngeal papillomas are 
caused by an infectious virus. A clearer 
understanding of the biology of the 
disease would help to determine the 
therapeutic approach. Long-term 
research should assess the recurrence 
rate, the effects of treatment, the 
effects of cofactors such as smoking 
and voice abuse and the rates of asso- 
ciation with carcinoma of the larynx. 

Tumors of the Larynx and 
Upper Aerodigestive Tract 

Neoplasms (new growths or 
tumors) of the larynx, pharynx, oral 
cavity and neck may result in loss 
or serious impairment of the ability 



to communicate with others. Benign 
tumors such as recurrent laryngeal 
papillomatosis may require multiple 
surgical (usually laser) excisions from 
the vocal fold region. Postoperative 
scarring may lead to permanent 
hoarseness, and failure to control 
the papillomas may result in death. 
Studies are needed on prevention, 
early detection methods and improved 
medical, immunological and surgical 
treatments. 

Malignant neoplasms involving 
the larynx and other head and neck 
structures affect more than 50,000 
Americans each year. Cancer in these 
structures is usually related to the use 
of tobacco and alcohol, and research 
is needed into more effective cessation 
strategies. Early diagnosis often permits 
the use of radiation therapy or limited 
surgical excision, such as partial 
laryngectomy or partial glossectomy. 
Although the conservative operations 
maintain most of the functions of 
speech, respiration and swallowing, 
more precise data are needed on the 
long-term deficits that are produced 
and on strategies to rehabilitate 
patients. Standardized, prospective 
clinical investigation and the collabora- 
tion of surgeons and speech scie ntists 
should be expanded in this area. 

Laryngeal transplantation in 
patients requiring total laryngectomy 
remains an intriguing rehabilitation 
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possibility. Major obstacles such as 
appropriate reinnervation of abduct 
or and adductor muscles^ as well as 
problems associated with cancer 
immunology, remain to be overcome. 

Effects of Therapeutic 
Irradiation on Laryngeal 
Functions 

Approximately 50 to 75 percent 
of all head and neck cancer patients 
in the United States presently receive 
radiation as part of the treatment for 
their malignancy. It is generally in 
the form of either definitive radiation 
alone or postoperative radiation 
following removal of the gross tumor. 
There is relatively little information 
available regarding the effects of 
irradiation on laryngeal function. 

With the advent of advanced techniques 
for laryngeal study, measurements of 
vocal fold vibration and analysis of 
acoustic parameters, the opportunities 
for more objective analysis of radiation 
effects on the larynx now exist. 

In the last ten years, it has 
become clear that hyperfractionation 
(multiple small fractions per day) 
radiation therapy is providing higher 
cure rates and diminished late normal 
tissue toxicities. This approach warrants 
further study. 

Increasing numbers of 
cancer patients are undergoing 
organ preservation therapies, as 
opposed to ablation. This means 



that increasing numbers of patients 
will be maintaining organs such as 
the larynx following curative cancer 
therapy. Thus, increased efforts 
directed toward understanding 
the tumor-induced and treatment- 
induced abnormalities produced in 
organs such as the larynx should 
become as important as rehabilitating 
the postlaryngectomy patient. The 
impact on vocal function of endoscopic 
excision or irradiation of early vocal 
fold cancer should be systematically 
compared, as this information should 
be a major factor in selecting treatment. 

Screening of High-Risk 
Patients for Laryngeal 
Cancer 

High-risk patients, that is, 
those over the age of 50 years with a 
history of smoking more than 30 packs 
of cigarettes per year, may represent a 
select population for laryngeal cancer 
screening. The combination of indirect 
examination and videostroboscopic or 
acoustic analysis may provide a route 
for identifying cancers at an earlier 
clinical state. A screening process 
requires careful design so that it 
has relatively high sensitivity and 
speciRcity and moderate cost. 

Effects of 

Chemopreventative Agents 
on Laryngeal Function 

The era of chemoprevention 
for head and neck malignancies is 
well under way. Thousands of patients 
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are now being entered on chemopre- 
vention protocols following curative 
therapy for a primary head and neck 
cancer in an attempt to diminish the 
likelihood of their developing a 
second one. The effects of these 
chemopreventative agents on 
laryngeal function is unknown. 

Since head and neck cancer is a 
select site for chemoprevention 
studies at this time, the effects of 
these agents on laryngeal function 
is deserving of study. 

Trauma 

Injury to the larynx, trachea 
and upper aerodigestive tract is an 
increasing and difficult management 
problem. Both blunt and penetrating 
injuries can result in serious functional 
disorders. Further studies are needed 
to determine the structural and func- 
tional sequelae requiring repair and 
rehabilitation. 

Neural Lesions 
Central 

Control of laryngeal functions 
for breathing, voice and swallowing 
is impaired in many neurogenic 
disorders such as Parkinson’s disease, 
amyotrophic lateral sclerosis , mul- 
tiple systems disease (Shy-Drager 
syndrome), Huntington’s chorea and 
stroke. A better understanding of the 
pathophysiology of these motor control 
disorders would lead to more effective 



management (medical, surgical, behav- 
ioral or prosthetic) to support speech, 
respiration and swallowing* Studies 
are needed to provide information 
about neuropharmacological and 
behavioral management of disorders 
of laryngeal motor control. 

Research is needed to clarify 
the relation between neuropathology 
and pharyngeal disorders. Information 
about characteristics of different 
neurogenic disorders and disease 
progression is lacking* 

Focal dystonias of the head 
and neck cause disruption of speaking 
and swallowing and impair the quality 
of life* Recent advances have been 
made in understanding dystonias, 
such as spasmodic dysphonia* 
Evidence from brain imaging 
and autopsy studies suggests that 
dystonias are due to brain lesions 
or biochemical changes in the basal 
ganglia* Epidemiologic and case- 
control studies are needed to identify 
possible causative factors leading 
to the onset of this disorder* 

New treatment has been 
developed that uses botulinum toxin 
injections into the laryngeal muscles 
to reduce abnormal patterns of laryn- 
geal muscle activation. The optimal 
dose and placement of injection vary 
greatly among patients. Research 
is needed to predict optimal dose 
magnitude and placement. Prelimi- 
nary data suggest that the injection 
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of succinylcholine or other agents 
may be of predictive yalue. Long-term 
evaluation of this treatment is needed 
to determine whether the toxin con- 
tinues to be effective with repeated 
injections over several years. Infor- 
mation is needed on the diffusion of 
the toxin in tissue, distant effects 
and possible retrograde transport 
to the brain stem. There is a need to 
investigate alternative toxins and to 
learn what the response of spasmodic 
dysphonia to botulinum toxin tells us 
about the pathophysiology of dystonias. 

Respiratory dyskinesia is 
a problem that has recently been 
identified as a separate entity, 
sometimes associated with asthma. 

It presents an interesting opportunity 
for investigation because some patients 
can be successfully managed using 
anticholinergic drugs. 

Peripheral 

Peripheral nerve injuries 
may affect the larynx and upper 
aerodigestive tract. One of the most 
common injuries is to the recurrent 
laryngeal nerve which results in 
vocal fold paralysis. This injury 
occurs most frequently during opera- 
tions on the skull base, neck or 
mediastinum. Tumors or infections 
along the path of the vagus nerve can 
also interrupt laryngeal function, 
producing alterations of phonation, 
airway protection and respiration. In 
bilateral paralysis, the consequences 



are often devastating. To date, obser- 
vations about the effects of laryngeal 
reinervation remain controversial. 
Accumulation of a database will 
improve the ability to diagnose 
accurately and treat effectively these 
life-threatening conditions. Clinical 
trials are required to assess existing 
and new surgical procedures, including 
vocal fold augmentation, thyroplasty, 
arytenoidectomy, cordectomy, selec- 
tive reinnervation and electrical 
pacing. Nerve regeneration studies are 
needed to understand the pathogenesis 
and to develop new forms of treatment. 

Systemic Disorders Affecting 
the Laiynx and Upper 
Aerodigestive Tract 

Endocrine 

There has been considerable 
interest in the effect of hormones 
on the voice. Imbalances of these 
biochemicals have a potent impact 
upon the distribution of electrolytes 
and water within the extracellular 
compartments of the vocal folds, 
causing them to become edematous or 
swollen and changing the characteris- 
tics of their vibrations. These changes 
occur during hypothyroidism, premen- 
strual syndrome, androgenic hormone- 
producing ovarian tumors, pregnancy, 
and puberty in boys. They may follow 
the administration of birth control pills 
and postmenopausal hormone therapy 
in women. Studies are needed to clarify 
the best strategies for evaluating and 
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treating these patients and to find new 
strategies for prevention* In addition, 
epidemiologic studies, standardization 
of clinical assessment and a coordinated 
effort to establish and deHne clearly a 
database in this area are needed* 

Pharmacologic 

Pharmacologic agents can 
have important effects on the voice* 

For example, some blood pressure 
medications cause severe coughing* 
Other agents that decrease secretions 
can impair the voice* Anecdotal 
evidence implicates anti-inflammatory 
agents or topical corticosteroid sprays 
in the pathogenesis of vocal fold 
polyps* There is little research on the 
effects of drugs on the voice or on the 
interaction of drugs with other vocal 
therapy, such as surgery or behavioral 
management* With an aging popula- 
tion taking increasing quantities of 
medication, further research is needed* 

Psychogenic Disorders of 
the Laiynx and Upper 
Aerodigestive Tract 

Psychogenic disorders of the 
larynx and upper aerodigestive tract 
occur frequently but are not well 
understood* They may be a primary 
disorder or secondary to a loss of 
communication skills* It is often 
difficult to distinguish a psychogenic 
problem from an idiopathic organic 
disorder* Research is needed to 
permit clinical identification of 



the psychogenic component and to 
determine how psychologic factors 
influence treatment outcome* 

Wound Healing 

Wound healing after injury of 
or operation on the larynx can have 
a profound effect on the functional 
recovery of this generator of sound* 
New research advances demonstrate 
the role that some extracellular matrix 
proteins, for instance, fibronectin and 
its integrin receptor molecule, play 
in the improvement of the quality of 
wound healing* MyoRbroblasts have 
been implicated in scarring and 
contracture of healing wounds* 

At present, knowledge is limited 
on the role of extracellular matrix, 
growth factors and oncogenes in 
wound healing in the larynx* Studies 
of these factors in wound healing in 
the injured larynx of animal models 
are essential to the design of future 
experiments, in which specific treat- 
ments may be assessed that could 
reduce the negative effect that wound 
healing has on functional recovery* 

The various strategies used 
in clinical practice to control or influ- 
ence wound healing should be deHned 
more clearly* There is lack of stan- 
dardization in dilatation techniques, 
the timing of procedures and the use 
of stents to support the airway during 
healing* Basic information is needed 
on the pathophysiology, prevention. 
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assessment and treatment of problems 
associated with laryngeal surgery 
and injury. 

Misuse and Abuse Disorders 

Many people halve voice 
misuse and abuse disorders that are 
attributed to abnormal patterns of 
phonation. These problems include 
vocal nodules, chronic laryngitis, 
hemorrhage into and polypoid degen- 
eration of the vocal fold and vocal 
fatigue. Suspected contributing 
factors include excessive loudness 
and duration, inappropriate pitch, 
faulty patterns of muscle activation, 
speaking in noisy or dry environments, 
chronic coughs and throat clearing. 
Additional studies are needed to iden- 
tify epidemiologic factors including 
prevalence and establish efficacy of 
treatment. This knowledge should 
help in the development of preventive 
measures. 

Influencing Variables 
Gender 

Male and female voices differ 
acoustically, and there are clear 
gender differences in laryngeal 
anatomy. The male larynx is larger 
than the female larynx, and the 
configuration is different. 

The menstrual cycle and preg- 
nancy affect the nose and larynx and 
possibly the neural control of phona- 
tion. Therefore, it is not surprising 



that women are more susceptible than 
men to many voice disorders, including 
vocal nodules, spasmodic dysphonia 
and edema of Reinke’s space. Vocal 
fold edema and increased risk of hem- 
orrhage have been observed during 
menses. On the other hand, contact 
granuloma is more often observed in 
men. Research is needed to determine 
reasons for gender differences in 
susceptibility to improve prevention 
and treatment. 

Vocal health is also affected by 
social and cultural factors that affect 
men and women differently. Bulimia, 
which is chiefly a disease of young 
women, may damage the larynx. Many 
jobs typically associated with women, 
such as teaching and aerobics instruc- 
tion, result in vocal stress. Society 
places vocal role expectations on 
both genders, that can result in the 
affectation of inappropriate pitch or 
vocal quality. 

Aging 

There is a continued need to 
study the effects of aging on voice 
production. Research is needed to 
understand the mechanism of change 
and how its effects can be prevented 
and treated. Preliminary observations 
indicate that some of the vocal alter- 
ations, such as diminution of power 
and endurance, that have been 
ascribed to aging may be delayed 
or reversed through physical or singing 
exercises. Some alterations may also 




124 



129 



VOICE AND VOICE DISORDERS 



be attributed to diseases of other sys-> 
terns. Additional research is needed 
to establish the true nature of age- 
related voice changes and to develop 
techniques to forestall or prevent 
them. There is a need to study such 
factors as physical health, mental 
health, nutrition, muscle atrophy, 
long-term vocal abuse, deterioration 
of the respiratory system and vocal 
hygiene and exercises. 

Respiratory Tract Factors 

The lower respiratory tract is 
an important, integral element in the 
production of the acoustical basis for 
speech. Although a variety of diseases 
and disorders of the lower respiratory 
tract affect the voice, detailed analyses 
of their effects on the voice are needed. 

Influence of Environmental 
Factors on Voice Production 

Environmental factors are 
thought to cause or perpetuate voice 
disorders. Noise, air pollution and 
relative humidity are factors that 
singularly or in combination may 
cause or maintain a particular disor- 
der. Aspects of voice production that 
are improved or deteriorate with 
environmental changes warrant 
investigation. Understanding 
these relationships may help in 
the development of voice treatment 
and prevention programs. 



Racial Factors 

Studies have demonstrated 
clear anatomic differences among 
races in the size and shape of the skull 
and facial bones, which influence vocal 
resonance. Currently, there are no 
data on whether there are racial differ- 
ences in laryngeal structure which 
could predispose different incidences 
of diseases or disorders. Research is 
needed to explore these possibilities. 

Cultural Factors 

Different languages and 
dialects, as well as social strata, 
place different demands on the vocal 
apparatus. Comparative studies may 
illuminate the incidence and preva- 
lence as well as occupational factors 
in the pathogenesis of some disorders. 

Gastroesophageal Reflux 

Gastroesophageal reflux 
commonly affects the larynx and upper 
aerodigestive tract. Signs of gastro- 
esophageal reflux include hoarseness, 
chronic cough, throat clearing and 
contact ulcers. Further studies are 
needed to elucidate the relative 
importance of the acid and alkaline 
components of gastroesophageal reflux. 

Other Disorders 

Recent advances in medical 
technology have produced a growing 
population of children with chronic 
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illness who require prolonged air- 
way management* Long-term trach- 
eostomies have been shown in the 
canine model to produce anatomic 
and physiologic alterations of the 
airway. Further research should 
be undertaken to investigate voice 
disorders in children who have had 
long-term tracheostomies* 

Little is known about genetic 
influences on laryngeal function and 
dysfunction* Studies in this area are 
essential* 

Technology 

Diagnostic and Treatment Aids 

Progress has been made in 
the development of new research 
tools for the observation and measure- 
ment of voice production. Systematic 
investigation of electromyographic, 
kinematic, acoustic, aeromechanical 
and imaging diagnostic aids should 
be continued to determine which tech- 
nique or combination of techniques is 
most useful for detecting disorders, 
documenting changes resulting from 
treatment, identifying persons at risk 
for developing voice disorders, setting 
standards for routine assessment and 
improving the understanding of the 
process of voice production* 

Definition of testing procedures 
varies from center to center and stan- 
dards need to be established for voice 



assessment. It is essential for research 
and clinical purposes to establish valid, 
reliable and standardized methods for 
objective voice assessment, including 
at a minimum vibratory, acoustic, 
aeromechanical, electrogloitographic 
and psychoacoustic measures* 

More extensive normative 
studies are needed for the general 
population, including its cultural 
diversity, and for professional speak- 
ers and professional singers. Age and 
gender variables should be considered 
in all groups* In addition, data from 
the entire range of human vocal 
responses should be studied in 
communicative context* Finally, 
technology from allied Helds should 
continue to be integrated into 
emerging voice technologies* 

Electromyography 

The observation of electrical 
activity in intrinsic and extrinsic 
laryngeal muscles of normal volunteers 
and patients with voice disorders is 
being performed in numerous labora- 
tories* The results have been used in 
an attempt to understand the basis 
of normal speech processes, as well 
as to help in the diagnosis of voice 
disorders* Although it seems clear 
that electromyographic recording 
has great potential for contributing 
to the understanding and treatment 
of voice disorders, several issues 
require attention* Currently, there 
is neither uniformity among the 
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techniques that are used nor consen- 
sus on voice disorders in which these 
techniques have a high probability 
of being useful diagnostic procedures. 
Further research is needed to address 
variations in electrode configuration, 
interaction of the electrode with the 
muscle, veriHcation of electrode 
placement and testing procedures. 

Collaboration among experi- 
enced electromyographers, voice 
scientists and physicians with specific 
knowledge of laryngeal anatomy and 
diseases is important. Reporting of 
electric potentials in standardized 
units and methods should enable 
comparison of observations from 
different laboratories. Nonvoluntary 
activation of laryngeal nerves, by 
electrodes or magnetic stimulation, 
offers opportunities to verify the 
integrity of laryngeal nerves in 
infants or anesthetized patients. 

Acoustic Signal Analysis 

Recently, manufacturers have 
begun to offer a wide variety of relatively 
low-cost, acoustic analysis devices 
designed to provide quantitative 
information on voice production. 
There are large existing databases of 
acoustic signals of speech that should 
be exploited. Parallel studies of major 
categories of voice disorders are also 
needed to determine if sufRciently 
distinctive profiles make it possible 
to use this tool for the detection and 
characterization of specific disorders. 




Attention to longer-epoch variability 
in sustaine^voif/ol signals is needed, 
as well as investigations using proto- 
cols containing words and sentences. 

Aer^edhai^ical and 
ResRipatorV Meiasures 

T'Vi ■ 

Larym^I lesions can disrupt 
the normal |»^^!(^rn of valving during 
speech. TheS^ lesions a^ect vocal 
\ tone and result in intentional and 
> unintentional alVerations in breathing 
and temporal patterning of continuous 
speech. There is a lack of aeromechan- 
ical data on^continuous speech, voice- 
to-voiceless‘ transitions and altered 
speech breathingjparameters. 

' ^ Inverse nitering has made 
it possible to study the alternating 
current ^d direct current compon- 
ents o,f,the atCflow si^al. There is 
a need^for ai^ditiohal information 
regarding the ultimate usefulness 
of airflow and air pressure signals 
in differen^al diagnosis and for 
quantifying the effects of various 
' phonatory therapjtes* 



Imaging 



There havelbeen technological 
advances in^the imaging pf the larynx 
and pharynx. Ma^pnetic resonance 
imaging provides near real-time 
visualization of the vocal tract in 
reconstructed three dimensions. 

These images will improve the under- 
standing of laryngeal adjustments and 
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the role of the vocal tract in shaping 
acoustic signals. Currently, ultrasound 
has limited application for laryngeal 
viewing, given the poor resolution of 
the images. The usefulness of the tech- 
nology remains to be determined, with 
the potential application awaiting 
improvement of image quality. 

Imaging of the entire upper 
aerodigestive tract is currently 
most often performed with video- 
fluoroscopic techniques. These 
techniques are undergoing precise 
quantiHcation that will provide a 
database for normal a nd disordered 
function, particularly for evaluation 
of dysphagia. Advances in signal 
acquisition and computer enhance- 
ment will likely reduce radiation 
dosage. Magnetic resonance imaging 
should eventually provide similar 
information regarding swallowing. 
Additional information on swallow- 
ing is emerging from scintigraphic 
investigations of normal and impaired 
populations. Research should con- 
tinue in all of these technologies to 
promote a greater understanding of 
the complex interactions of the upper 
aerodigestive tract. 

Direct visualization of the 
laryngopharyngeal region continues 
to improve with advances in fiberoptic 
endoscopy. The widespread applica- 
tion of fiberoptic endoscopes has 
improved patient care and provided 



the means for direct observation of 
those sites. Further improvements 
should be pursued in this technology 
in the areas of image quality and analy- 
sis. QuantiHcation of laryngeal images 
must be strengthened, and meaningful 
parameters should be developed for 
application of these images in research 
and clinical settings. 

Videostroboscopy of the larynx 
through the use of Rberoptic endo- 
scopes remains the best available 
technology to acquire laryngeal 
images in view of the inherent tech- 
nological limitations of high-speed 
laryngeal photography. However, 
both technologies require further 
use with other measures to help relate 
structure to dynamic voice production. 
Recent technical developments using 
semiconductor sensor arrays promise 
direct digital storage of endoscopic 
images to provide sufficiently high 
frame rates to evaluate aperiodic 
movement of the vocal folds. 

Structural and dynamic imaging 
of the brain have rapidly advanced to 
provide new insights in the organic 
basis of voice and swallowing disorders. 
Magnetic resonance imaging should 
be further used to investigate potential 
structural lesions in the central nervous 
system in various populations. Func- 
tional or dynamic imaging through the 
use of positron emission tomography 
and signal photon emission computed 
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tomography should be applied to im- 
prove the understanding of control 
of the upper aerodigestive tract in 
normal and disordered populations* 

Observations obtained by using 
a combination of these technologies 
should be related to each other and to 
measures from nonimaging techniques 
to develop appropriate models for 
understanding voice production. 

Augmentative and 
Alternative Voice Sources 

Paralysis due to stroke, tumor 
or infection greatly alters the ability 
of the larynx to perform its vital func- 
tions of airway protection, respiration 
and phonation. 

Advances have been made in the 
development of electronic, artificial 
larynges (external, internal and im- 
plantable) and in tracheoesophageal 
shunts (with and without alloplastic 
voice prostheses). Further study in 
this area is needed. Also important are 
efficacy studies to evaluate the relative 
benefits of these prostheses and to pre- 
dict which prostheses are appropriate 
for various populations. 

New technologies in signal 
processing now make it possible to 
activate individual laryngeal muscles 
at the precise moment that they are 
needed for subserving the diverse 



requirements in speaking, swallowing 
and breathing. Several laboratories 
now have the capability to pace electri- 
cally the paralyzed vocal fold to reestab- 
lish its abduction. Additional studies 
should enable investigators to evaluate 
this procedure. 

If scientists are to extend 
electric pacing to a greater comple- 
ment of individual muscles in the 
larynx, they must systematically deHne 
the best electrode conRgurations to 
give consistent and optimal stimula- 
tion strategies. Basic knowledge of 
muscle denervation is limited. Little 
is known, for example, about the 
effects of electric stimulation on 
the preservation of muscle integrity, 
which is known to degenerate when 
the muscle is separated from its 
nerve. In many respects, laryngeal 
investigation could serve as a model 
for other medical scientists involved 
in electric pacing. 

Although a variety of commun- 
ication devices and aids has been 
developed, individuals utilizing a 
voice source are limited in the number 
of voices available and the naturalness 
of the vocal quality. Research is need- 
ed to develop and make accessible an 
unlimited repertoire of voices to allow 
each individual the choice of a unique 
and acceptable voice. Furthermore, 
dynamic control of vocal quality, if 
possible, will enhance communication 
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functions greatly. Research should be 
undertaken to develop instruments 
with a wider range of frequency, inten- 
sity and timing characteristics that 
will closely mimic natural vocal char- 
acteristics. The end result should be 
access to affordable technology. 

One of the major purposes of 
communication is to express affect 
or emotion. Control of voice source 
characteristics, including appropriate 
aperiodicity and spectral envelope, 
is vital for these purposes* In the 
development of augmentative and 
alternative communication devices 
and aids, research is needed to develop 
the paralinguistic features of stress, 
intonation and juncture that are im- 
portant in deriving the full meaning 
of vocal behavior. 

Surgical Tools 

Recent developments in surgery 
related to new methodologies such as 
the intraoperative monitoring of laryn- 
geal kinematics and viscoelasticity 
have given the surgeon the potential 
to alter reliably the structure and 
improve the function of the larynx. 
Phonosurgery, designed to alter vocal 
output, focuses on the modification of 
laryngeal biomechanics to increase 
or decrease vocal fold stiffness or 
closure to improve the acoustic source 
characteristics of the larynx. These 
operations are undergoing further 
refinement* As familiarity with exist- 
ing and new surgical approaches 



increases, several research areas 
should be addressed: 

o Encourage simulation modeling 

to predict the effect of modifying 
the individual elements control- 
ling laryngeal function to tailor 
specific procedures to specific 
disorders* 

o Compare the efficacy of existing 

and new procedures using longi- 
tudinal outcome studies. 

o Conduct intraoperative assess- 

ment of vocal function by 
selecting parameters. 

o Conduct intraoperative moni- 

toring to prevent injury to 
laryngeal structures or nerves 
during surgery* 

o Develop new alloplastic and use 

autogenous augmentative mate- 
rials, based on the molecular and 
cellular structure of the tissues. 

Medical and Behavioral 
Treatment 

There is a critical and continu- 
ous need for research to develop and 
evaluate the efficacy of medical, surgi- 
cal and behavioral treatment for voice 
disorders. With the rapid evolution of 
treatment, concern exists regarding 
the development and standardization 
of measures for assessing the results. 
Despite recent advances in knowledge 
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concerning which diagnostic tech- 
niques are likely to produce the 
highest yield for specific disorders^ 
there is liv^ited information on re- 
ported measures as they relate to the 
underlying pathophysiology. There 
is no clear understanding of how to 
use these results in making treatment 
decisions. With the emerging era of 
quantification of voice production^ 
objective techniques should be applied 
to assessment of treatment. 

In addition^ behavioral studies 
are needed to determine which treat- 
ments are effective. Such quantification 
should enhance decisions as to the 
timing) selection^ contraindications 
and outcomes of treatment options. 
Studies of large populations of normal 
and disordered speakers are needed 
to clarify the relation between quanti- 
tative measures and vocal character- 
istics accompanying different treatment 
alterations of laryngeal configuration 
and behavior. 

Computational Analysis, 
Modeling and Speech 
Synthesis 

Methods of computer simulation 
of vocal fold vibration have been effec- 
tively used to compare physiologic 
mechanisms and their control to 
acoustic signal characteristics in 
speech production. Past contributions 
have concerned voice fundamental 
frequency and intensity control. 
Recent progress has been made in 



understanding physical principles 
that determine the acoustic power 
generated or efficiency of producing 
voice power as the output for a given 
input of respiratory power. Additional 
research is needed. Understanding the 
mechanical cause of damage to the 
tissues is an example of the clinical 
implications of such research. 

Voice-quality control is one 
of the major areas of voice science 
in the coming years^ with important 
applications in areas ranging from 
speech development and voice dis- 
orders to speech technology such as 
text-to-speech synthesis and automatic 
recognition) as well as automatic 
speaker identification. To address 
these advanced areas of speech 
research) it is necessary to use fully 
emerging) computational toolS) 
both hardware including high-speed 
digital signal processing boards and 
software including high-level com- 
puter languages and graphics tools. 

It is also essential to develop more 
detailed models that relate controlling 
muscle contractions to vocal fold 
configuration and properties including 
nonlinear phenomena. Also critical 
is the modeling of the surrounding 
structures related to the larynx as 
well as pharyngeal gestures) in part 
in relation to articulatory gestures 
involving the tongue and the mandible. 

To be able to specify voice 
characteristics from a communicative 
functional point of vieW) there need 
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to be effective descriptive systems 
for representing extralinguistic spec- 
iHcations of utterances including, 
in particular, emotional elements, 
as well as linguistic speciHcations 
including prosodic information* 

It is important to understand ani 
specify quantitatively temporal prop- 
erties such as exact characterization 
of aperiodicity, as well as spectral 
characteristics, not only for describing 
the abnormal voice and idiosyncrasies 
of speakers, but also for prosodic and 
affective uses of voice* 

As a physical phenomenon, 
vocal fold vibration has received 
some new attention in connection 
with the emerging concept of physical 
chaos, a deterministic but apparently 
random process* This point of view 
has not produced immediately useful 
results, but it holds promise for under- 
standing the basic nature of voice 
production and, quite plausibly, may 
also provide new insights into vocal 
quality issues* 

At the same time, new ideas need 
to be implemented in more realistic 
and effective computational modeling 
of the vocal fold vibration processes, 
such as the role of surface tension and 
other tissue surface properties that 
have been largely neglected* Such new 
modeling work may be expected to 
provide not only new understanding, 
expanding the coverage of phenomena 
explained, but also evaluation and 
correction of previous modeling work 



that was constrained in terms of com- 
putational feasibility* 

Modeling work is sometimes 
difficult to evaluate; however 
detailed the model is intended to be, 
simpliflcations, and quite often over- 
simpliHcations, are inevitable* One 
general methodology to use to solve 
this problem is to synthesize speech 
signals according to the conclusions 
about critical elements of control 
in the given model and to evaluate 
the signal characteristics by human 
perception when control is altered 
factor by factor* Also, by comparing 
generated signal characteristics 
with analyzed natural speech signals, 
a precise, parametric description 
of observed speech phenomena can 
be obtained through analysis by 
synthesis* 

Psychophysical and 
Perceptual Measures 

Voice characteristics constitute 
an important aspect of speech percep- 
tion* Perception rs the ultimate 
process of evaluating the relevance of 
voice characteristics to communicative 
functions, and all findings and hypo- 
theses eventually must be evaluated 
with respect to their perceptual effects* 

Most psychophysical experi- 
ments in the past had to deal with 
either simple phonetic samples 
(such as consonant-vowel syllabic 
for consonant identification) or 
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subjective labeling of complex stimuli 
(as in emotional states). Statistical 
assessment of a large number of com- 
parisons between physically similar 
and dissimilar samples also provides 
objective and quantitative decomposi- 
tion of psychophysical properties. 

A new method is emerging to 
help determine objectively the audi- 
tory perceptual properties of voice. 
Auditory images can be computed 
by simulation according to speciRc 
models and presented visually for 
another type of subjective judgment. 
The difference from a listening evalu- 
ation of the acoustic signal is that one 
can point to a particular pattern or 
characteristic of the displayed image 
and discuss it. Also^ as soon as pattern 
characteristics are explicitly identi- 
tiedy measures or criteria can be 
implemented as computational algo- 
rithms to have a machine perform the 
same judgment tasks more rigorously 
according to given criteria and more 
extensively, covering a larger amount 
of data. 

There are a number of artiRcial 
intelligence techniques, such as expert 
systems and neuronetworks, that can 
be useful for such combinations of 
human evaluation and formal algori- 
thmic procedure. In a sense, this is 
a new research methodology that can 
supplement or in some cases replace 
straightforward statistical inference 
in data analysis. This methodology can 
be particularly effective for quantita- 



tively describing and characterizing 
complex phenomena such as vocal 
quality in conversational speech. 
Although statistical data reduction 
should be encouraged for quantifying 
research findings, innovative quanti- 
tative methods of data interpretation 
also should be studied. 

Measurement of 

Laryngopharyngeal 

Gestures 

Voice quality is controlled by 
subtle alterations in the setting or 
resetting of laryngeal and pharyngeal 
postures, such as laryngeal height, 
supraglottic constrictions and agonis- 
tic or antagonistic interaction of the 
intrinsic and extrinsic musculature. 
Measurement of these gestures can be 
directly or implicitly obtained with a 
variety of techniques. These include 
electromyography, electroglotto- 
graphy, photoglottography, high 
resolution magnetic resonance imag- 
ing, inverse filtering, stroboscopic 
imaging, direct fibroscopic imaging 
and digital storage. 

Limitations exist in each tech- 
nique. For example, glottography 
signals are the sum of vibrations 
occurring from each vocal fold; 
thus, in isolation, they seldom are 
diagnostic. Stroboscopy creates a 
montage by averaging images over 
many cycles; its analysis is often 
subjective and it cannot be used to 
describe highly chaotic vibration. 
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Inverse filtering relies on assumptions 
regarding linear, nonturbulent source 
tract interaction. 

Multidimensional simultaneous 
approaches are advantageous in that 
the deficiencies of a particular mea- 
sure may be counterbalanced by the 
advantages of other techniques. 

Areas for investigation include 
the functional relevance of objective 
evaluation of kinematic and oscillatory 
signals or images during normal voicing 
and under conditions of compensation 
and adaptation in pathologic states. 



Summary of 

Research 

Recommendations 

Major Basic and Clinical 
Research Opportunities 

Normal Structure 
and Function 

Respiratory, Laryngeal and Upper 
Aerodigestive Tract Physiology 

o Study the nature of respiratory, 

laryngeal and upper aerodi- 
gestive tract actions and 



interactions in voice production 
and determine the principles 
that govern adaptive and mal- 
adaptive behaviors in response 
to laryngeal disorders or diseases. 

o Gather data on voice produc- 
tion that encompass various 
domains, including neural, 
muscular, structural, aero- 
mechanical, acoustical and 
perceptual domains. 

o Conduct research to delineate 

further the effects of bolus 
characteristics, respiratory 
parameters and voluntary 
control on timing and extent 
of laryngeal elevation and 
closure and pharyngeal con- 
traction during swallowing. 

o Conduct studies on the mecha- 

nisms involved in the control of 
vocal pitch, loudness, quality 
and register, including mecha- 
nisms associated with singing. 

o Study the role of sensation, 

including hearing, vibrotactile 
sensation, proprioception 
and respiratory cues, in the 
development and use of voice 
in normal, impaired and excep- 
tional subjects. 

o Delineate the acoustic to 

perceptual transformation 
in voice-quality disorders, 
with special attention to those 
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aspects of the voice signal that 
give rise to the perception of 
disorder and its quantities* 

o Study the timing mechanisms 

of laryngeal behavior in coordi- 
nation with respiratory and 
articulatory activity* 

o Conduct studies on the excep- 
tional (trained) singer to specify 
the limits of the human voice 
and its optimal efficiency* 

o Determine the effects of life- 

style choices (diet, smoking, 
drug use, exercise and alcohol 
consumption) on the function 
of the larynx and upper aero- 
digestive tract* 

Neural and Vascular Mechanisms 

o Conduct studies of neural 

control of the larynx for voice 
production, respiration and 
swallowing in humans and ani- 
mals, including the elucidation 
of reflex mechanisms for each* 

o Use transcranial magnetic 

stimulation and sensory evoked 
potentials to map cortical areas 
pertinent to laryngeal function* 

o Determine the activity of the 

brain stem motoneuron pool 
during different phases of 
respiration, phonation and 



swallowing via the use of 
short- and long-latency reflexes 
elicited through electrical 
stimulation of the recurrent 
laryngeal nerves* 

o Obtain information concerning 

the function of neural sensors in 
the control of voice production* 

o Determine the similarities and 

differences in human laryngeal 
physiology to that of other spe- 
cies proposed as models for 
human voice production and 
swallowing* 

o Use electrically or chemically 

elicited phonation from the 
periaqueductal gray area of 
the midbrain in anesthetized 
animals to study the behavior 
of laryngeal motoneurons, sen- 
sory afferents of the larynx and 
mechanisms of phonatory control* 

o Conduct studies of blood circula- 

tion and its autonomic control 
in laryngeal tissues and the 
relations to biomechanical 
changes in the larynx, vocal 
fatigue and laryngeal lesions* 

Biomechanics 

o Develop common spatial and 

relational references for laryn- 
geal function to make it possible 
to gather multivariate data to 
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enhance the modeling of laryn- 
geal function and dysfunction. 

o Determine the importance of 

lubricating fluids on the vibra- 
tory function of the vocal folds 
and study the composition and 
aberrations of these fluids. 

o Conduct studies of the material 

properties and biomechanical 
behaviors of laryngeal structures. 

o Determine the physiologic con- 

sequences of muscular atrophy 
of the upper aerodigestive tract 
on vocalization, swallowing and 
respiratory function. 

Development and Aging 

o Conduct studies of the mecha- 

nisms of epithelial-mesenchymal 
tissue interactions that are a 
driving force in the normal 
development of the larynx 
and its final form. 

o Specify the nature of voice 
production as it relates to 
the developing structure of 
the entire respiratory system 
and upper aerodigestive tract 
and larynx in particular. 



o Obtain data on laryngeal and 
upper aerodigestive function 
of normal octogenarians, nona- 
genarian and centenarians for 
voice production and swallowing. 

Cellular and Molecular Biology 
and Anatomy 

o Specify the sites of hormonal 
influence on the respiratory 
system and upper aerodigestive 
tract and larynx in particular, 
as well as hormonally affected 
changes in voice production. 

o Determine the biochemical and 

structural specializations char- 
acteristic of laryngeal muscle 
fibers and their innervation. 

o DeHne the diu ribution of 

extracellular matrix molecules, 
oncogene expression, growth 
factors and growth-factor recep- 
tors as they relate to normal 
structure of the aging larynx. 

o Conduct studies of the cellular 

biology of cartilage and joint 
deterioration in the larynx as 
they affect voice production 
and swallowing in aging. 
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Diseases and Disorders 
of the Larynx and Upper 
Aerodigestive Tract 

Epidemiology and Prevention 

o Gather data on the incidence 

and prevalence of voice and 
swallowing disorders* 

o Conduct epidemiological sur- 

veys of the influence of external 
environmental factors on voice 
production to identify important 
agents and clarify pathophysiol- 



Pathophysiology and Potential 
for Improved Therapy 

o Improve the understanding of 

infectious and allergic disorders 
of the upper aerodigestive tract 
and develop better therapy. 

o Identify and study genetic 

influences on laryngeal 
function and dysfunction* 

o Obtain information on the 

effects of drugs (alone or in 
combination with other 
therapy) on the voice* 



ogy and develop strategies for 
prevention, diagnosis and man- 
agement of the resultant voice 
disorders* 

o Identify genetic and environ- 

mental causes of congenital 
disorders of the larynx and 
pharynx* 

o Develop strategies for pre- 

vention and early detection 
of cancer of the upper aero- 
digestive tract* 

o Conduct epidemiological and 

case-control studies to identify 
factors which may lead to focal 
dystonias of the head and neck* 



o Study the role of psychogenic 
factors in the pathogenesis of 
voice disorders and response to 
treatment and develop criteria 
for distinguishing psychogenic 
from organic voice disorders* 

o Determine the role of extracell- 

ular matrix, growth factors and 
oncogenes in wound healing of 
the larynx and in the pathogen- 
esis of laryngeal and tracheal 
stenosis* 

o Determine reasons for gender 

differences in susceptibility 
to vocal disorders* 

o Study the effects of aging on 

voice production to establish 
the true nature of age-related 
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voice (not pathologic) changes 
and develop treatment to fore- 
stall or prevent such changes. 

o Study the effects of respiratory 

disorders on the voice. 

o Conduct studies of recurrent . 

laryngeal nerve regeneration 
as well as denervated laryngeal 
muscles to improve the under- 
standing of pathogenesis and 
treatment of laryngeal paralysis. 

Evaluation of Current Therapy 

o Conduct prospective, controlled 

trials to assess effectiveness of 
treatment for voice disorders, 
including phonosurgical proce- 
dures and voice therapy. 

o Conduct long-term, large-scale 

studies of the management of 
laryngeal papillomata to address 
recurrence rates, effects of 
treatments, effects of cofactors 
and rates of association with 
carcinoma of the larynx. 

o Evaluate prospectively the 

effects of conservation surgery 
for upper aerodigestive tract 
malignancy on speech, swallow- 
ing and breathing. 

o Determine the effects of 

irradiation and chemotherapy 
on laryngeal function. 
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o Conduct prospective trials to 

develop criteria to predict opti- 
mal dosage and placement of 
botulinum toxin injection in the 
management of focal dystonias 
and to determine the long-term 
effects of this therapy. 

o Characterize the diffusion of 

botulinum toxin in tissues and 
determine whether retrograde 
transport to the brain stem 
accounts for some of the sub- 
stance’s therapeutic actions. 

o Conduct studies of the effects 

of acid and alkaline gastro- 
esophageal reflux on voice 
and swallowing and evaluate 
the efficacy of treatment for 
these disorders. 

Technology 

o Use simulation modeling to 

predict the effect of modifying 
individual elements controlling 
laryngeal function and account 
for the effects of surface tension, 
other tissue surface properties 
and the specific effects of muscle 
contractions, including nonlin- 
ear phenomena. 

o Use magnetic resonance 

imaging and positron emission 
tomography to seek structural 
lesions in the central nervous 
system in patients with voice 
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and swallowing disorders and o Develop techniques for 

to improve understanding of nonvoluntary activation of 

the control of the upper laryngeal nerves as a means 

aerodigestive tract* of verifying the integrity of 

laryngeal nerves in uncoopera- 

DidgnOSiS tive or anesthetized patients* 



o Conduct studies on large popula- 
tions of normal and disordered 
speakers to clarify the relations 
between quantitative measures 
and perceptual vocal character- 
istics to determine how to use 
quantitative measures in mak- 
ing treatment decisions* 

o Determine the usefulness of 

aeromechanical measurements 
in the differential diagnosis 
and assessment of treatments 
for vocal disorders and evaluate 
the contribution of the respira- 
tory system to aerodynamic 
measures* 

o Develop meaningful parameters 

to evaluate quantitatively laryn- 
geal visual images* 

o Study the impact on laryngeal 

electromyography of variations 
in electrode connguration^ 
interaction of electrodes with 
muscles^ techniques used to 
verify electrode placement 
and testing protocols* 



Treatment 

o Conduct studies of electrical 

pacing of the larynx to evaluate 
the procedure and determine its 
long-term efHcacy* 

o Develop prosthetic speech in- 

struments which mimic natural 
voice characteristics and express 
paralinguistic features of stress^ 
intonation and juncture* 

o Develop and determine the 

usefulness of techniques for 
intraoperative monitoring 
and assessment of vocal function 
in improving surgical results 
and preventing complications* 
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Public Law 100-553 

100th Congress ' 

An Act 

To amend the Public Health Service Act to establish within the NatSonal Institutes of Oct. 28, 191 
Health a National Institute on Deafness and Other Communication Disorders. [S. 1727] 



Be it enacted by the Senate and House of B^presentaiives of the 
United States of America in Congress assembled, > ' 

SECTION 1 . SHORT TITLE. ^ 

This Act shall be cited as the "National Deafness and Other 
Communication Disorders Act of 1988". # 

SEC 2. ESTABLISHMENT AND TRANSFER OF FUNCTIONS^ 

Title IV of the Public Health Service Act (42 U.S.« 281 et seq.) is 
amended— *, 

(1) in section 401(b)(1) — 

(A) by striking "and Communicative” i% subparagraph 

(J);and - J 

(B) by adding at the end the follov/ing new. subparagraph: 

“(M) The National Institute on Deafness and Other Commu- 
nication Disorders."; . 

(2) in the heading for subpart 10 of part C, by striking and 
Communicative"; 

(3) in section 457— 

(A) by striking “and Communicative”; and 

(B) by striking "disorder, stroke,’’ and all tha't follows and 
inserting "and disorder and stroke.’’; dnd 

(4) in Part C, by adding at the end the following new subpart: 



Nationai 
DeafncM and 
Other 

Communication 
Diaordara Act of 
1988. 

42 use 201 Dou. 



1 . 



“Subpart 13— National Institute on Deafness and Other 
(Communication Disord«|ts ^ 

"purpose of the INSTITUTE 



Education. 
Rea aar ch and 
development. 
Public 
information. 



“Sec. 464. The general purpose of the National jnstitute on Deaf- 42 use 285m. 
ness and Other Communication Disorders (hereamr referred to in 
this subpart as the ‘Institute’) is the conduct and support of research 
and training, the dissemination of health ^hfonnation, and other 
programs with respect to disorden of hearintf'.and other communica- 
tion processes, including disea-ses affecting ng^ng, balance, voice, 
speech, language, taste, and smell. ' ^ 

"national deafness and other OOistUNICATION DISORDERS 

PROGRAM 



“Sec. 464A. (a) The Director of the Institute, with the advice of the 42 use 285m-i. 
Institute’s advisory council, shall establish a National De^ness and 
Other Communication Disorders Program (hereafter in thu section 
referred to as the ‘Program’). The Director or the InsUtute shaU, 
with respect to the Pro^am, prepare and transmit to the Dire^r of 
NIH a plan to initiate, expand, intensify and coordinate activities of 
the Institute respecting disorders of hearing (including' tinnitus) and 
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other communication processes, including* diseases affecting hear- 
ing, balance, voice, speech, language, taste, and smell. The plan 
shall include such comments and recommendations as the Director 
of the Institute determines appropriate. The Director of the 
Institute shall periodically review and revise the plan and shall 
transmit any revisions of the plan to the Director of NIH. 

"(b) Activities under the Program shall include — 

“(1) investigation into the etiology, pathology, detection, treat- 
ment, and prevention of all forms of disorders of hearing and 
other communication processes, primarily through the support 
of basic research in such areas as anatomy, audiology, bio- 
chemistry, bioengineering, epidemiology, genetics, immunology, 
microbiology, molecular biology, the neuroeciences, otolaryngol- 
ogy, psychology, pharmacology, physiology, spe^h and lan- 
guage pathology, and any other scientific disciplines that can 
contribute important knowledge to the understanding and 
elimination of disorders of hearing and other communication 
processes; 

“(2) research into the evaluation of techniques (including 
surgical, mescal, and behavioral approaches) and devices 
(indudi^ hearing aids, implanted auditory and nonauditory 
prosthetic devices and other communication aids) used in diag- 
nosis, treatment, rehabilitation, and prevention of disorders of 
hearing and other communication p r o ce ss er, 

"(3) research into prevention, and early detection and diag- 
nosis, of hearing loss and speech and langusjge disturbances 
(including stuttering) and research into preventi^ the effects of 
such disorders on learning and learning disabilities with exten- 
sion of programs for appropriata referral and rehabilitation; 

“(4) research into the detection, treatment, and prevention of 
disorders of hearing and other communication proce m es in the 
growing elderly population with extension of renabilitative pro- 
grams to ensure continued effective communication skills in 
such population; 

“(5) research to expand knowledge of the effects of environ- 
mental agents that influence hearing or other communication 
processes; and 

"(6) developing and facilitating intramural programs on clini- 
cal and fundamental aspects of disorders of hearing and all 
other communication p r o c ssses. 



' data SmSM AND INTOBMATION CLXABINOROUSS 



42USC285m-2. “Sbc. 464B. (a) The Director of the Institute shall establish a 
National Deafness and Other Communication Disorders Data 
Systra for the collection, storage, analysis, retrieval, and dimsmina- 
tion of data derived from patient populations with disorders of 
hearing or other communication pro c esse s , including where pos- 
sible, data involving general populations for the purpose of identify- 
ing individuals at risk of developing such disorders. 

^'(b) The Director of tiie Institute shall establish a National Deaf- 
ness and outer Communication Disorders Information ClMting- 
house to facilitate and enhance, through the effective dissemination 
of information, knowledm and understanding of disorders of hear- 
ing and other communication pro ce ss ee by health professionals, 
patients, industry, and the public. 
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“multipurpose deafness and other communication disorders 

CENTER 



“Sec. 464C. (a) The Director of the Institute shall, after consulta* 
tion with the advisory council for the Institute, provide for the 
development, modernization, and operation (including care requir^ 
for research) of new and existing centers for studies of disorders of 
hearing and other communication processes. For purposes of this 
section, the term ‘modernization' means the alteration, remodeling, 
improvement, expansion, and repair of existing buildings and th^ 
provision of equipment for such buildings to the extent necessary tc 
make them suitable for use as centers described in the preceding 
sentence. 

“(b) Elach center assisted under this section shall— 

“(1) use the facilities of a single institution or a consortium of 
cooperating institutions; and 

“(2) meet such qualifications as may be prescribed by the 
Secretary. 

“(c) Each center assisted under this section shall, at least, 
conduct — 

“(1) basic and clinical research into the cause diagnosis, early 
detection, prevention, control and treatment of disorders of 
hearing and other communication processes and complications 
resulting from such disorders, including research into rehabili- 
tative aids, implantable biomaterials, auditory speech proc- 
essors, speech production devices, and other otolaryngologic 
procedures; 

“(2) trainin|; programs for physicians, scienUsta, and other 
health and allied h^th professionals; 

"(3) information and continuing education programs for 
physicians and other health and allied health proteaaionals who 
will provide care for patient] with disorders of hearing or other 
communication processes; and 

“(4) programs for the dissemination to the general public of 
information — 

“(A) on the importance of early detection of disorders of 
hearing and other communication processes, of seeking 
prompt treatment, rehabilitation, and of following an 
appropriate regimen; and 

'‘(B) on the importance of avoiding exposure to noise and 
other environmental toxic agents that may affect disorders 
of hearing or other communication processes. 

“(d) A center may use funds provided under subsection (a) to 
provide stipends for health professionals enrolled in training pro- 
grams described in subsection (cX2). 

“(e) Each center assisted under this section may conduct 
programs— 

“(1) to establish the effectiveness of new and improved meth- 
ods of detection, referral, and diagnosis of individitals at risk of 
developing disorden of hearing or other communication proc- 
esses; and 

“(2) to disseminate the results of research, screening, and 
other activities, and develop means of standardizing patient 
data and recordkeeping. 

“(f) The Director of the Institute shall, to the extent practicable, 
provide for an suitable geographical distribution of centers assisted 
under this section. The Director shall give appropriate consideration 
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to the need for centers especially suited to meeting the needs of the 
elderly, and of children (particularly with respect to their education 
and training), affected by disorders of hearing or other communica- 
tion processes. 

“(g) Support of a center under this section may be for a period not 
to exceed seven years. Such period may be extended by the Director 
of the Institute for one or more additional periods of not more than 
five years if the operations of such center have been reviewed by an 
appropriate technical and scientific peer review group established 
by the Director, with the advice of the Institute’s advisory council, if 
such group has recommended to the Director that such period 
should be extended. 

"national in s mu I E on dcatness and othek communication 

DISORDERS ADVISORY BOARD 



42 use 28Sin-4. 



"Sec. 464D. (a) The Secretary shall establish in the Institute the 
National Deafness and Other Communication Disorders Advisory 
Board (hereafter in this section referred to as the ‘Advisory Board’). 

“(b) 'The Advisory Board shall be composed of eighteen appointed 
members and nonvoting ex officio members as follows: 

“(1) The Secretary shall appoint— 

“(A) twelve members from individuals who are scientists, 
physicians, and other health and rehabilitation profes- 
sionals, who are not officers or emplo3rees of the United 
States, and who represent the speaalties and disciplines 
relevant to deafness and other communication disorders, 
including not less than two persons with a communication 
disorder; and 

“(B) six members from the general public who are 
knowledgeable with resf^ to such disorders, including not 
less than one person with a communication disorder and 
not less than one person who is a parent of an individual 
with such a disorder. 

Of the appointed members, not less than five shall by virtue of 
training or experience be knowledgeable in diagnoses and re- 
habilitation of communication disorders, education of the hear- 
ing, speech, or language impaired, public health, public 
information, community progrw development, occupational 
hazards to communications senses, or the aging process. 

“(2) The following shall be ex officio members of each 
Advisory Board: 

"(A) The Assistant Secretary for Health, the Director of 
NIH, the Director of the National Institute on Deafness and 
Other Communication Disorders, the Director of the Cen- 
ters for Disease Control, the Chief Medical Director of the 
Veterans' Administration, and the Assistant Secretary of 
Defense for Health Affairs (or the designees of such offi- 



"(B) Such other officers and employees of the United 
States as the Secretary determines necessary for the 
Advisory Board to carry out its functions. 

"(c) Memtets of an Advisory Board who are officers or emplojrees 
of the Federal Government shall serve as members of the Advisoiy 
Boa^ without compensation in addition to that received in their 
regular public employment. Other members of the Board shall 
receive compensation at rates not to exceed the daily equivalent of 
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the annual rate in effect for gi^e GS^18 of the General Schedule 
for each day (including traveltime) they are engaged in the perform* 
ance of their duties as members of the Board. 

**(d) The term of office of an appointed member of the Advisory 
Board is four years, except that no term of office may extend beyond 
the expiration of the Advisory Board. Any member appointed to ^1 
a vacancy for an unexpired term shall be appointed for the remain- 
der of such term. A member may serve after the expiration of the 
mem^r's term until a successor has taken office. If a vacancy 
occurs in the Advisory lioard. the Secretary shi«ll make an appoint- 
ment to fill the vacancy not later than 90 day^ from the date the 
vacancy occurred. 

**(e) llie members of the Advisory Board shall select a chairman 
from among the appointed members. 

**{f) The Secretary shall, after consultation with md consideration 
of the recommendations of the Advisory Board, provide the Advisory 
Board with an executive director and one other professional staft 
member. In addition, the Secretary sl^. after consultation with 
and consideratio n of the recommendations of the Advisory Board, 
provide the Adv^ry Board with such additional professional staff 
members, such clerical staff members, such services of consultants, 
such information, and (through contracts or other arrangements) 
such administrative support services and facilities, as the Secretary 
determines are, necessary for the Advisory Board to carry out its 
functions. 

**(g) The Advisory Board shall meet at the call of the chairman or 
upon request of the Director of the Institute, but not less often than 
four times a year. 

‘‘(h) The Advisory Board shall — 

“(1) review £tnd evaluate the implementation of the plan 
prepared under section 464A(a) and periodically update the plan 
to ensure its continuing relevance; 

“(2) for the purpose of assuring the most effective use and 
organization of resources respecting deafness and other commu- 
nication disorders, advise and make recommendations to the 
Congress, the Secretary, the Director of NIH. the Director of the 
Institute, and the heads of other appropriate Federal agencies 
for the implementation and revision of such plan; and 

“(3) maintain Haison with Other advisory bodies related to 
Federal agencies involved in the implementation of such plan 
and with key non-Federal entities involved in activities affect- 
ing the control of such disorders. . « . . 

“(i) In carrying out its functions, the Advisory Board may estab- 
lish subcommittees, convene workshops and conferences, and collect 
data Such subcommittees may be composed of Advisory Board 
members and nonmember consiutants with expertise in the particu- 
lar area addrcned by such subcommittees. The subcommittees may 
hold such meetings as are necessary to enable them to carry out 
their activities. 

“0) The Advisory Board shall prepare an annual report for the fuporu. 
Secretary which— 

“(1) describes the Advisory Board’s activities in the flscal year 
for which the report is made; 

“(2) describes and evaluates the progress made m such fiscal 
year in research, treatment, education, and training with 
respect to the deafness and other communication disorders; 
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“(3) summarizes and analyzes expenditures made by the Fed- 
eral Government for activities resp^ing such dimrden in such 
flscai year; and 

“(4) contains the Advisory Board's recommendations (if any) 
for changes in the plan prepared under section 464A(a). 

“(k) The National Deafness and Other Communication Disorders 
Advisory Board shall be established not later than 90 days after the 
date of the enactment of the National Institute on Deafness and 
Other Q>mmunication Disorders Act. 



"iNWaACeNCY COORLTNATINO COMMITTEX 

42 use 285m-5. “Sec. 464E. (a) The Secretary may establish a committee to be 
known as the Deafness and Other Communication Disorders Inter- 
agency Coordinatmg 0>mmittee (hereafter in this section referr^ to 
as the ‘Coordinating Committee’). 

“(b) The Coordinating Committee shall, with respect to deafness 
and other communication disorders — 

“(1) provide Tor the coordination of the activities of the 
nationu research institutes: and 
“(2) coordinate the aspects of all Federal health programs and 
activities relating to oeafness and other communication dis- 
orders in order to assure the adequacy and technical soundness 
of such programs and activities and in order to provide for the 
full communication and exchai^ of information n ecessa ry to 
maintain adequate coordination of such programs and 
activities. 

“(c) The Coordinating Committee shall be composed of the direc- 
tors of each of the national research institutes and divisions 
involved in research with resp^ to deafness and other communica- 
tion disorders and representatives of ail other Federal departments 
and agencies whose programs involve health functions or respon- 
sibilities relevant to dearness and other communication disorders. 

“(d) The Committee shall be chaired by the Director of NIH (or the 
designee of the Director). The Committee shall meet a* the call of 
the chair, but not less often than four times a year. 

Report*. “(e) Not later than 120 davs after the end of each fiscal year, the 

Committee shall prepare and transmit to the Secrettur, the Director 
of NIH, the Director of the Institute, and the adviso^ council for 
the Institute a report detailing the activities of the Ooiamittee in 
such fiscal year in carrying out subsection (b). 

“UMOTATION ON ADlONItnATIVI EXPDinai 



42 use 285m-«. “Sbc. 464F. With respect to amounts appropriated for a fiscal year 
for the National Institutes of Health, the limitation establish^ in 
section 408(b)(1) on the expenditure of such amounts for administra- 
tive expenses shall apply to administrative expenses of the National 
Institute on Deafness and Other (}ommunication Disorders.”. 



42 use 285m 
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SEC. 1 TRANSITIONAL AND SAVINGS PROVISIONS. 

(a) TxANsna or Pimonnkl, Asrts, and LiAStums.— Personnel 
employed by the National Institutes of Health in connection with 
the functions vested under section 2 in the Director of the National 
Institute on Deafness and Other Communication Disorders, and 
assets, propel^, contracts, liabilities, records, unexpended bailees 
of appropriations, authorizations, allocations, and other funds of the 
National Institutes of Health, arising from or employed, held, used, 
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available to, or to be made available, in connection with such 
functions shall be transferred to the Director for appropriate alloca- 
tion. Unexpended funds transferred under this subsection shall be 
used only for the purposes for which the funds were originally 
authorize and appropriated. 

(b) Savings Provisions. — With respect to functions vested under Granu. 
section 1 in the Director of the National Institute on Deafness and Conuacu. 
Other Communication Disorders, all orders, rules, regulations, 
grants, contracts, certificates, licenses, privileges, and other deter- 
minations, actions, or official documents, that have been issued, 
made, granted, or flowed to become effective, and that are effective 
on the date of the enactment of this Act, shall continue in effect 
according to their terms unless changed pursuant to law. 

Approved October 28, 1988. 



LEGISLATIVE HISTORY -S. 1727 (H.R. 3361): 

HOUSE REPORTS: No. 100-761 accompMtying H.R. 3361 (Comm, on Entrgy and 
Conuncrcc). 

CONGRESSIONAL RECORD. Vol. 134 (1983)! 
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Oct. 13. conaidtred and paaaed Houae. 
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Jeffrey P* Harris, Ph.D 
Chief, Division of Otolaryngology — 
Head and Neck Surgery 
Professor, Department of Surgery 
University of California at San Diego 
School of Medicine 
San Diego, CA 92103 

Mary Joe Osberger, Ph.D* 

Associate Professor and Director 
DeVault Otologic Research Laboratory 
Department of Otolaryngology — 

Head and Neck Surgery 
Indiana University School of Medicine 
Indianapolis, IN 46202 

Members 



Henry A* Adler 

Auditory Research Laboratory 
Department of Otorhinolaryngology: 
Head and Neck Surgery 
University of Pennsylvania 
Philadelphia, PA 19104 

Kathleen S* Amos, Ph.D. 

Director 

Genetics Services 
Gallaudet University 
Washington, DC 20002-3695 

Arthur Boothroyd, Ph.D. 
Distinguished Professor 
Speech and Hearing Sciences 
City University of New York 
New York, NY 10036-8099 



Louis D* Braida, Ph.D* 

Professor 

Department of Electrical Engineering 
and Computer Science 
Massachusetts Institute of Technology 
Cambridge, MA 02139 

Patrick E* Brookhouser, M.D* 

Director 

Boys Town National Research Hospital 
Omaha, NE 68131-2136 

Donald M. Caspary, Ph.D. 

Professor 

Department of Pharmacology 
Southern Illinois University 
School of Medicine 
Springfield, IL 62794-9230 

Richard A. Chole, M.D., Ph.D. 
Professor and Chairman 
Department of Otolaryngology 
Davis Otology Laboratory 
University of California 
Davis, CA 95616 

Jeffrey T. Corwin, Ph.D. 

Associate Professor and Director 
of Research 

Department of Otolaryngology — 

Head & Neck Surgery 
University of Virginia 
School of Medicine 
Charlottesville, VA 22908 

Stephen Epstein, M.D. 

Director 

The Ear Center 

Wheaton, MD 20902-2538 
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G. Scott Giebink, M.D. 

Professor, Pediatrics & Otolaryngology 
Director, Otitis Media Research Center 
University of Minnesota School 
of Medicine 

Minneapolis, MN 55455 

Alben'^ J. Hudspeth, M.D., Ph.D* 
Professor and Chairman 
Department of Cell Biology 
and Neuroscience 
University of Texas 
Southwestern Medical Center 
Dallas, TX 75235-9039 

Susan Jerger, Ph.D. 

Associate Professor 
Department of Otorhinolaryngology 
and Communication Sciences 
Baylor College of Medicine 
Houston, TX 77030-3498 

Bronya Keats, Ph.D. 

Professor 

Department of Biometry and Genetics 
Louisiana State University 
Medical Center 
New Orleans, LA 70112 

Patricia A. Leake, Ph.D. 

Professor in Residence 
Department of Otolaryngology 
Coleman Epstein Laboratories 
University of California at 
San Francisco 

San Francisco, CA 94143-0732 



M. Charles Liberman, Ph.D. 

Associate Professor 
Department of Otology 
and Laryngology 

Massachusetts Eye and Ear InHrmary 
Harvard University Medical School 
Boston, MA 02114 

Joseph B. Nadol, M.D. 

Chief 

Department of Otolaryngology 
Massachusetts Eye and Ear InHrmary 
Boston, MA 02114 

Brenda M. Ryals, Ph.D. 

Associate Professor 
Speech Pathology and Audiology 
James Madison University 
Harrisonburg, VA 22807 

Leonard P. Rybak, M.D., Ph.D. 
Professor 

Departments of Surgery 
and Pharmacology 
Southern Illinois University 
School of Medicine 
Springfield, IL 62794-9230 

David K. Ryugo, Ph.D. 

Associate Professor 
Department of 
Biomedical Engineering 
Otolaryngology — Head & Neck 
Surgery and Neuroscience 
Center for Hearing Sciences 
Johns Hopkins University 
Baltimore, MD 21205 
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Joseph R* Santos-Sacchi^ Ph*D* 
Associate Professor 
Department of Surgery/ 
Otolaryngology 

Yale University School of Medicine 
New Haven, CT 06610 

Jochen Schacht, Ph.D. 

Associate Director 
Kresge Hearing Research Institute 
Professor, Department of 
Otolaryngology 
University of Michigan 
Ann Arbor, MI 48109-0606 

Diane J* Van Tasell, Ph.D. 
Professor 

Department of Communication 
Disorders 

University of Minnesota 
Minneapolis, MN 66466 

NIDCD Staff Liaison 



Amy M* Donahue, Ph*D* 

Chief, Hearing Program 
Division of Communication 
Sciences and Disorders 
National Institute on Deafness and 
Other Communication Disorders 
National Institutes of Health 
Bethesda,MD 20892 



Susan L* Gartner, Ph.D. 

Health Scientist Administrator 
Division of Communication 
Sciences and Disorders 
National Institute on Deafness and 
Other Communication Disorders 
National Institutes of Health 
Bethesda, MD 20892 

Earleen F* Elkins, Ph«D« 

Deputy Director 

Division of Extramural Activities 
National Institute on Deafness and 
Other Communication Disorders 
National Institutes of Health 
Bethesda, MD 20892 

David J* Lim, M.D* 

Director 

Division of Intramural Research 
National Institute on Deafness and 
Other Communication Disorders 
National Institutes of Health 
Bethesda, MD 20892 

Resource Persons 



Col. Rodney M. Atack, Ph.D. 
Director 

Audiology and Speech Center 
Walter Reed Army Medical Center 
Washington, DC 20307 
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Associate Chief 
Audiology and Speech 
Pathology Clinic 
Veterans Affairs Medical Center 
Department of Veterans Affairs 
Washington, DC 20422 

Aaron Favors, Ph*D. 

Audiology Consultant 
Maternal and Child Health Bureau 
Health Resources and Services 
Administration 
Rockville, MD 20857 

F* Terry Hambrecht, M.D. 

Head, Neural Prosthesis Program 
Division of Fundamental 
Neurosciences 

National Institute of Neurological 
Disorders and Stroke 
National Institutes of Health 
Bethesda, MD 20892 



Maureen T. Hannley, Ph.D. 

Director of Development and Research 
American Academy of Otolaryngology — 
Head and Neck Surgery 
Alexandria, VA 22314 



Cynthia M. Shewan, Ph.D. 

Director 

Research Division 

American Speech-Language-Hearing 
Association 
Rockville, MD 20852 
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Thomas J* Hixon^ Ph*D* 

Director 

Institute for Neurogenic 
Communication Disorders 
University of Arizona 
Tucson^AZ 85721 

Gayle E* Woodson, M*D« 

Associate Professor 
Department of Surgery 
Division of Otolaryngology- 
Head and Neck Surgery 
University of California at San Diego 
School of Medicine 
San Diego, CA 92103 
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Gerald S* Berke, M.D. 

Associate Professor 

Department of Surgery 

University of California at Los Angeles 
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Diane Bless, Ph*D* 

Professor 

Department of Communicative 
Disorders 

University of Wisconsin 
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Osamu Fujimura, D*Sc* 

Professor 

Division of Speech and Hearing 
Science 

Ohio State University 
Columbus, Ohio 43210-1002 



Jacqueline Jones, M*D* 

Associate Professor 
Department of Otolaryngology 
and Communicative Disorders 
New York Hospital- 
Cornell Medical Center 
New York, NY 10021 

Charles R. Larson, Ph.D. 
Professor 

Department of Communication 
Sciences and Disorders 
Northwestern University 
Evanston, IL 60208-3570 

Jerilyn Ann Logemann, Ph*D* 
Professor and Chairman 
Department of Communication 
Sciences and Disorders 
Professor, Departments of 
Otolaryngology and Neurology 
Northwestern University 
Evanston, IL 60208-3540 

Erich Luschei, Ph*D* 

Professor 

Department of Speech Pathology 
and Audiology 
University of Iowa 
Iowa City, Iowa 52242 

Leslie T* Malmgren, Ph*D* 
Professor 

Department of Otolaryngology 
and Communication Sciences 
SUNY Health Science Center 
at Syracuse 
Syracuse, NY 13210 
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Health Scientist Administrator 
Division of Communication Sciences 
and Disorders 

National Institute on Deafness and 
Other Communication Disorders 
National Institutes of Health 
Bethesda,MD 20892 



Judith A, Cooper, Ph.D. 

Deputy Director 
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This report, the Annual Reports of the Natiohal Advisory Board 
and other NIDCD publications may be obtained from the NIDCD Clearinghouse 

P.O. Box 37777 
Washington, DC 20013-7777 

800-24M044 (Voice) ' 

800-241-1055 (TDD/TT) 



DISCRIMINATION PROHIBITED: Under provisions of applicable public laws enacted 
by Congress since 1964, no person in the United States shall, on the grounds of race, 
color, national origin, handicap or age, be excluded from participation in, be denied 
the benefits of, or be subjected to discrimination under any program or activity 
(or, on the basis of sex, with respect to any education program or activity) receiving 
Federal financial assistance. In addition. Executive Order 11141 prohibits discrimina- 
tion on the basis of age by contractors, and subcontractors in the performance of Federal 
contracts, and Executive Order 11246 states that no Federally funded contractor may 
discriminate against any employee or applicant for employment because of race, color, 
religion, sex or national origin. Therefore, the National Institute on Deafness and 
Other Communication Disorders must be operated in compliance with these laws 
and Executive Orders. 
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